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Yellowknife, N.W.T. 
Maren 4°, 19/5. 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR. SCOTT: Mr. Commissioner, 
I thought I should report to you that I've received 


ry 


another letter from the Minister of the Environment. 


but indicates in a general way the posture of the 
Department for the future, and I just thought as the 
other correspondence from her had been read and made 


part of the record, I should read this as well. 





It's undated: 
"Dear Mr. Scott: 
I acknowledge receipt of your letter of March 


5, which was dictated by telephone. My offi- 





cials have communicated with you and you have 
now received the letter I had addressed to 
Commissioner Berger assuring him of my 
fullest co-operation. In summary, all in- 
formation available to the Department of the 
Environment, as well as the expertise that 
we possess, can be used as testimony. In 
order to make the arrangement to utilize 

all information and expert knowledge we have 
readily agreed with your suggestion to meet 
with you at the earliest possible time and 
have delegated Dr. J.S. Tener to meet with 
you in Edmonton on Sunday, March 9th. 

In conclusion, I am pleased to note that 


the Commissioner at no time doubted about 


It's a letter that foretelis the events of last weekend 


| 
| 
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our fullest co-operation and I wish through 
you to thank him for his confidence. I would 
encourage you in closing to maintain close 
liaisson with our Departmental officials so 
that our resources will always be utilized 
SA eee 

And it's signed by Madame Sauve, and I simply repeat : 


what I said the other day, that if any of the parti- 





cipants have any difficulty in applying the arrange- | 
Ments that we then outlined, I would be grateful if 
they spoke to me at the first opportunity so that 
we can take a hand and see to it that Madame Sauve's 
Wishes are fully respected. | 
The second matter, Mr. Commis-. 
Sioner, is -- relates to the request that Mr. Anthony | 
made yesterday. It's a matter of some significance, 
and I would request that your ruling on this matter 


should be deferred for an unstated or unspecified 


period of time. I have communicated to Mr. Genest 
and to Mr. Anthony my views that this deferment should 
occur, and they have agreed to submit to my suggestion 
== if I can put it that way -= on the understanding | 
that the matter can be raised by either of them at any 
time and more particularly, if not raised before, when 
Messrs. Dau and Williams return on the construction | 
panel or when Mr. ‘Hyorte gives evidence, as Mr. Genest 
said he would. 

In Mr. Genest's absence, I 


have communicated this to Mr. Marshall and I understand 


| 


that he concurs. 
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Dau,Williams ,Mollard,Watson 
Cross-Exam by Bayly 


THE COMMISSIONER: Excuse me, 
Mr. Marshall, is it intended to call Mr4yYyorte as 
as a witness or as a member of any-panel in Phase 1? 
MR. MARSHALL: Yes sir, I 
propose to call him at the end of Phase 1. He will 
likely have supporting him a panel. 
THE COMMISSIONER: Mr. Bayly? 


MR. BAYLY: I believe we 





left off yesterday, Mr. Commissioner, with considera- 
tions regarding repairs to pipeline facilities should 
they break, and how they would be carried out, and 
whether these were one of the things that were con- 


Sidered in route selection. 


GUY LESLIE WILLIAMS, 
PHILIP HARVEY DAU, 

JOHN DOUGLAS MOLLARD, | 
DAVID WILLIAM WATSON, resumed: | 





CROSS-EXAMINATION BY MR. BAYLY (CONTINUED) : | 
ie If I might ask the panel 
then following that up, regarding the selection of the 
prime route and in particular that portion of the prime 
route which goes across the north slope of the Yukon, 


was a study done of the weather conditions during the 


proposed construction months, prior to choosing the 





prime route? 

A Yes. 

Q And could you give us 
the name of that study and give us a synopsis of its 


findings and how it related to your choice o¢ this as 





the prime route? 
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Dau,Williams ,Mollard,Watson 
Cross-Exam by Bayly 

A It's not a formal report 
in that sense. It was in our work papers. I'm sure 

a summary could be made available, I do not have it 
here. . 

Q All right, do you know 
of your own knowledge the contents of that report, and 
could you give us some idea of what the findings were? 

A It's a summary of all of 
the weather information that we could find. ig bieis 
extremes in temperatures, averages, I believe it has 
some information with respect to snowfall, rainfall in 
the summer, that type of en Rea oar ne in 
published documents. | 

Q And when you say "publi- 
Shed documents", then this was information that you've 
gathered rather than generated through Northern Engin- 
eering Services? 

A That's correct, yes. 

Q And do you know over 
what time span that weather information was gathered 
prior to your choice of this as the prime route? 

A It depends on the local 
stations. I seem to recall that the weather information 
from Aklavik, for instance, goes back many years. 

Some of the weather information from the Dew Line 
Stations obviously only go back to the point in time 
that the Dew Line was built. 

Q All right. If I were to 
suggest to you, Mr. Dau, that during the construction 


months, that north shore of the Yukon, the Beaufort 


} 


| 
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Dau ,Williams ,Mollard,Watson 
Cross-Exam by Bayly 

1 Sea side, is prone to some bad blizzards and white-out 
2 conditions which last for long periods of time, in 

3 | some years. Would you be able to agree or disagree 

4 with me? ; 

5 | A I would agree with you. 


6 | Q And would that effect 


q construction schedules? 





8 , Z A Yes, it does. 
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Mollard, Watson 
Cross-Exam by Bayly 


Q And has that been | 





taken into consideration in choosing this as the 


prime route? 
| 
A Yeseratlisipartiof the 


consideration. 
Q A> right),a and jin spite 


of that you felt that you could still recommend that 


as the prime route, is that correct? 


A Thatvwie correct. 


Q Now, with regard to 


snowfall,I understand for example,in order to do 





your construction on snow and ice routes, #oads, 


you may require a large amount of snow, is that 


correct? 


A Yes < | 
Q Has the snow €a}}1 been! 


Sigh laree in the north slope area? 


A Yes, t ‘had assumed 


that this type of questioning would come during 





| 
the construction phase and I do not have that infor-4 


Mation with me. 

Q Al xboght ,ttedid not 
want to go into the details, I just wanted to 
know whether or not this was something that was 


taken into consideration in the choice-of thisa, | 


— 


the prime route. 


A It was. | 
Q And over what 
| 


period of time was it studied in your recollection? 


| 
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Mollard, Watson 
Cross-Exam by Bayly 


A Well, similar to other 
that 

weather information, the data/was available from 
--in published information from weather stations. 

In addition to that there were some studies that 
were performed -- I believe they were limited to 
Alaska, although I am .not positive. Iwoujg have 
to check into that. And those were initiated by 

the applicant. 

Were you aware that 
last year was a year of almost no snowfall in 
that north slope? 

A Yes, sir. We built 
a test site and built a winter snow road last 
year during that low snow fall. 

Q So you found that. it 
was possible to do it even in that kind of coniition, 
is that correct? 

A Yes, Sir; 

Q And you can do it 
then underconditions of very heavy snowfall 
as well such as this year? 

A Yes. 

Q Now, one of the 
things that has been puzzling me, Mr. Dau, is just 
what the term "prime" and "Prime Route" means -- 
we have been using it so often, does it have to 


do with the best route in all circumstances or is it 


largely an engjneering and economic consideration that 


makes this the prime route? 


A I am not sure who first 
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ALLWEST REPORTING LD. Dau, Williams, 2016 
PO Rea e: Mollard, Watson 
Cross-Exam by Bayly 
used the word "prime", it is -- my understanding 
is that it is not just engineering and economic 
consideration, it is the prime route considering 
all considerations. 
Q And do you mean as “prime” 
best route or first choice, or the one -- | 
A First choice I would -- | 
Q All right, you have 
stated earilier in cross-examination that other | 
routes would be possible if they were recommended 
and given to you by Governments or whoever. 
A Ves; that, 1S COLEecL. | 
Q Now, in route selection 
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I am wondering if the Native peoples were consulted 
about the following,in the studies that you did and 
I have a list of things here and I will read them 
out ot you one at a time and perhaps you can comment 
on them. The first place was with regard *to weather | 


conditions. | 


A Not to my knowledge. 

Q With regard to ice SaNE 
tions? 

A Yes, I am sure that they 





must have been, but I do not have an instance, I 
could not give you -- 

Q All right, would Mr. 
Williams know the answer to that question? 

WITNESS WILLIAMS: 

A I can think of one 


instance. We had on our staff for a period 


105 
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Cross-Exam by Bayly 


of several years Frank Hanson who was raised in 
Aklavik and I do recall discussing with him the ice 
Situation in the delta in particular. 

Q All right, with regard 

to precipitation =—- snow fall ard .rainfalie 
WITNESS « DAU: 

A I think the same would 
apply as Mr. Williams has said, I am sure that that 
has been discussed with Frank Hanson. I know of no 
other specific information. 


Q All right, is that true, 





Mr. Williams that you spoke to Mr. Hanson about | 
rainfall and snowfall as well, or do you recall | 
that? 

WITNESS WILIIAMS: 

A I am sure I did and 
also during the many months that I spent at the 
Sans Sault Test Facility we had several native 
employees working with us there and I do recall discus-+ 


sing this with them on many occasions. 





THE COMMISSIONER: You said 
you had native employees at the Sans Sault Test site. 
That is somewhere between Norman Wells and Fort 


Good Hope, is it not? 


A That is correct. 
Q Were those employees | 
employed in a -- to advise Northern Engineering | 


or Arctic Gas about such matters as rainfall and 
snowfall or were they doing -- were they employed 


to do other tasks, sir. 


’ 
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Mollard, Watson 
Cross-Exam by Bayly 


A They were employed to 


do other tasks, sir. 

Q Such as what? 
Working in the cafeteria, that sort of thing? 

A Nogesin, Lucy see 
at one point during the construction of the | 


Sans Sault Test site we had as many as 13 Gnorthnern 





natives working at the site. They came Eronis = 


I am sorry, they were employees of Banister Construc 


- tion who were the contractors to build the facilties 


they wre doing work with respect to the construction 
of the sitelitselt. There wre a few machine opera- 
tore, mainly they wre labourers. Later on in the 
operation and maintenance of the site we had 
another group of about five working at the site 
for a period up to a year, a year and a half, 

at least one of them, MIke Selemeo from Aklavik -- 

Q Mr. Williams, are you 
telling me that Arctic Gas and Northern Engineering 
consulted these native people employed ana thiese 
tasks at Sans Sault in the establishment orva 
site as advisors or consultants with regard to the 


snowfall and rainfall likely to be encoutered 





along the route of the proposed pipeline? 


A No, sir, I am not. 

MR. BAYLY: 

Q Thank you, and in 
other words, this was conversation that you had 


with them quite apart from their regular duties? 





A Yes, and I am sorry, 
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1 I thought that was an answer to your question -- 

2 I may have misinterpreted it. 

3 Q Yes\/ al xvight ; 

4 Did you document any of 

af their answers‘or were these just things you stored | 
wa up in your head? | 
7\ A The latter, sir. 

8. Q Can you tell us what | 
9 comment they had to make? 

10 A Yes, I can comment | 
11 on a discussion with Frank Hanson in particular with | 
12 respectto the ice in the Delta during spring runoff. 
13) When we were initally looking at the cross-delta route 
14] - we had a concern that perhaps the ice moved out of the, 
~ | delta similarly to what we had seen in the main | 
Sy body of the Mackenzie River and in a reconnaissance 

17 | trip it did not appear that this was the case and 

18] this was confirmed by Frank Hanson,of his many years 

19 | in that area,that it does in fact go out very quietly 
20 in the delta -- the ice, that is. 
21 | 
22 | 
23 | 
24 | | 

| 

25 | | 
26 
27 | 
28 | | 
29 

30 
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Dau ,Williams ,Mollard,Watson | 
Cross-Exam by Bayly | 


Q Now with regard to prefer+ 
red or prime route selection, did you consult with 
native peoples with regard to their feelings on routes?) 

WITNESS DAU: A I don't recall such 
instances. | 

Q Mr. Williams? : 
WITNESS WILLIAMS: Again it | 
would be in passing discussions rather than seeking 


out this information on a mile to mile basis. 


| 
| 
Q All right, was any con- | 
Sulting done, to your knowledge, by anyone other than 
Northern Engineering Services as an input into route 
selection? In other words, were there people at your 
April, 1973 seminar from the native groups there to 
discuss the selection of routes? l. 
A People were at that 
meeting, that seminar, who had had meetings in various 
communities along the route. 
Q And were any of the 


native organizations at that meeting represented? 


A Tdon* t think so--.1'm 





ioe certarmn buts -caon"t Ehink™so-; 

Q All right. Now when you 
were outlining hunting areas, which you have acknowled- 
ged in various reports and in your application, the 
fact that they exist, did you have consultations with 
the native peoples about where these were and where 


the best ones were and where the fragile areas were? 





A T4dte “HOt, “SLL, TO. 


a 


Q Do you know of any reporte 
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ii on that arising out of discussions or interviews with 

) native peoples? | 

3 | A Yes, I'm sure that they 

a are included in the Gemini report. 

5 Q It would be to the | 

6 | Gemini report that we would have to look for those, | 

5 ! is that: correct? 

8 A And possibly others. 

9 Those are the ones -that come to mind readily. | 
10 Q O.K., and with regard 
Ry to traplines, would the same be true with the Brcantion 
1p of your mapping of those registered traplines that can 
13 be found by searching? | | 
14 A Yes sir. | 
nS MR. MARSHALL: Excuse me, Mr. | 
16 | Commissioner, I think Mr. Genest read into the record : 
uke) the statement contained in the responses that were 
18 filed by Arctic Gas, and pertaining to this question 
pus) of the mapping of the traplines, and the answer there 

° 
20 indicates that that's the best information that could 
pak be obtained,as of that time from various sources, 
22 and it's not limited to the registered traplines 
23 only. 
24 MR. BAYLY: Mr. Commissioner, 
25 | I thank my learned friend for that response. It may 
26 not be something which is within the knowledge of his 
ai panel but it is within his own knowledge. | 
28 Q Now if I could go to this, 
| 
a status of lands document, Mr. Williams, document 3.11, 
| 


30 which I believe now has been tendered as an exhibit. 
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Dau,Williams ,Mollard ,Watson 
Cross-Exam by Bayly 
Ltrs Now 75. d/minot. going «0; gor through, thei whole 
thing, Mr. Bell has gone through a large part of it, 
but I‘d like you to turn maf wourwould,? to: page 20. of 
that report. 
A Yes sir. 
Q Now on page 20 at the 
middle of the page, there is a paragraph referring to 
some map references and if I could read that paragraph 
to you, perhaps you could make a comment on it. This 
LSiMP—19'4.8 = MP-260: 
"No dispositions appear on this map sheet. It 
Is important to note, however, that the entire 
route in the Canadian portion of this sheet 
lies within an area reserved for the hunting 
and trapping activities of natives from Aklavik 
and Tuktoyaktuk. During the last two years only 
two serious trappers worked this area, plus one 
family resident on Herschel Island." 

Do you know, Mr. Williams, the source of this material 


ft 


t/ 
about the two serous trappers? 


A Norrsisr 9) I hdom’ twihtcould 


possibly speculate. 


Q All right, would that come 


from Mr. Fox, the land man? 

A Yes, he wrote the report 
and he would know where he got that information from. 

Q I wonder if you could 
find out for us and perhaps this information could be 
conveyed? I make this request through you, Mr. Commis- 


sioner, with regard to the sources of this information. 
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Dau,Williams ,Mollard,Watson 
Cross-Exam by Bayly 


1 I don't know if my learned friend has any objection to 
2 that. 
3 MR. MARSHALL: IPthinks +My 
4 Commissioner, we could provide my learned friend with 
3 a letter with that information, provide the Inquiry 
6 | with it. I'll check with Mr. Fox on my return to 
id Calgary. 
8 MR. BAYLY: I'd be content 
9 with that at this point, Mr. Commissioner. 
10 THE COMMISSIONER: Just off the 
ll top of your head, Mr. Williams, that's this coastal 
L2 route, Alaska-Yukon border to Travaillant Lake, map 
13 260, if that's what that does mean. The entire route 
a in the Canadian portion of this sheet, what portion 
15 | of the route from Alaska to Travaillant Lake is in 
16 that sheet, can you say offhand? 
17 A Yes sir, approximately 
18 65 miles in Canada. I'm sorry, fom the Alaska-Yukon 
19 border east towards the delta, that map shows about 
20 °65 miles route in Canada. 
21 MR. BAYLY: Q With regard to 
22 this map then, Mr. Williams, I take it the other maps 
23 take in the rest of the area that's discussed, or is 
24 MP-194.8 - MP-260, only one map? 
= WITNESS DAU:A Those are pipeline 
26 


mileposts, "MP" stands for milepost and identifies 


27 the location on the route. 

28 Q So this is a distance of 
29 65 miles, I see; and that is on the coast adjacent to 
30 


Herschel Island, is it? 
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Dau,Williams ,Mollard,Watson 
Cross-Exam by Bayly 

A Yes. 

Q Now, then, if I were to 
suggest to you that there are more than two serious 


trappers in this area, would yau be able to disagree 


_ with me at this point, of your own knowledge? | 


Either Mr. Williams or Mr. Dau. 

WITNESS WILLIAMS: No aSim 

Q I take it then in prime 
route selection that because this report appears to io 
been out about the time the prime route was selected, | 
that the hunting areas of the people of Aklavik were | 
not taken into consideration in this route selection, | 
would that be a fair statement? They were acknowledged 
but the route appears to go through the hunting area 
of these people, is that correct? 

WITNESS DAU: A That is correct. 

Q And were hunting and 
trapping areas of people along the entire route taken 
into consideration or was it assumed that you would 
shave to infringe on some of them, in any event? 

A I think we said yesterday | 
sir, we had to infringe on them. There are so many that | 


we can't miss them all. 


Q And that is referring to 





the Mackenzie Valley, I take it, as opposed to alternate 
routes where hunting and trapping areas may not have 
been examined by either Northern Engineering Services 
or to your knowledge, Arctic Gas? 


A Alternate routes, sir? 





QO Yes. 
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Dau,Williams,Mollard,Watson 
Cross-Exam by Bayly | 
A Such as the interior 
route? 

Q Such as the interior 
route, or perhaps the Fairbanks route or -- 

A The reason I'm asking 
the question, the Fairbanks and Fort Yukon is referred 
to as corridors and there is a difference. 

Q Ald Tight. Let's get 
the terms straight then. Is this the only corridor in 
which hunting and trapping was looked at, to your 


knowledge? 





A I believe that is 
correct. We did not get into that amount of detail on | 
the alternative corridors such as Fairbanks and Fort 
Yukon. 

Q Could you tell us, please, 
what technicaladvances, if any, have been made to 
cause you to reconsider the cross-delta route as a 
possibility? 


A In the technical sense, we 


2 


have more detailed information with respect to channel 
ctossings, crossing Shallow Bay and some test hole 
delta within the delta itself. We have much more 
information now that we had say two or three years ago. 

Q What about below ice 
pipe-laying techniques, have they improved to enable 
you to consider this more seriously? 


A NO pniedon tt «think tthe 





techniques have that great an improvement over that 


period of time. They quite obviously have improved but 
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Dau ,Williams ,Mollard,Watson 

CrossExam by Bayly 
that's not an important point. 

Q So the important points 
were with regard to the fact that you didn't have data 
before that you now have, is that correct? | 

A Yes, both in the technical 
sense and also from the environment _al viewpoint, we | 


have more environmental information now than we had 
two or three years ago. | 


Q And you've stated before 
that all you were able to say is that there was a belief 
that at one time the delta was more fragile than you 


now consider it to be. Is that correct? 





A That's my understanding, 
sir, yes. 

Q Now, the cross-delta 
proposal, I assume, has been the result of some studies 
going back some period of time, and I wonder if you 
could give me some idea of how long this has been ates 
consideration as an alternate route in the prime 


corridor? 


A I would say under serious 





consideration in the fall of '73, September, October, 
something like that. | 
Q And is that why the 
water bottom survey was conducted by Kenting in 
April of 1974, as one of the studies that you wanted 
€O dovtotcollectimore: data = =*andal’2l refer to*that 
document oe number, Mr. Commissioner, it's No. 218 and 


it's referred to as a document upon which these -- this 





panel might intend to refer or rely. 
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1 A That was certainly part 

2 of the studies we performed, yes. 

3 Q Have there been other | 
4 Studies, Mr. Dau? 
5 A Since then? | 
a Q Yes. | 
7 A Yes. | 
8 Q Now, correct me if I'm | 
9 wrong, but I think one of the limitations of that 

10 Study is that Dr. Wyder who did it said that the data | 
$4 were unreliable at depths of nine feet or less, is er 
12 correct? 
13 -A I believe that's correct, 
14 yes. | 
15 Q Andwissit nots trueythat 
16 where the testing was done in Shallow Bay was generally 
17 speaking less than ten feet, and in most areas less | 
18 than nine feet in that survey? | 
19 A i'm not sure if it's 
20 most areas, there are significant parts of the bay | 
21 Lee are less than nine feet, yes. 
22 Q ALIS ricnt,. 1 f you, could 
23 just confirm what I have to say from that report, in 
24 any event have a look at the profiles that are part 

23) of that report, and I refer specifically to the follow- 
26 | ing four profiles: 6, 7, 7-A and 8. Can you tell | 
27 me from the profiles if my information or my interpre- 
28 tation of them was correct, that the areas tested at | 
23 Shallow Bay were less than ten feet by and large, and | 
30 most of the crossing area appeared to he less than 
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1 nine feet? 
2 A That's what the profile 
3 shows, sir. 
4 Q And can you give us an 
3 idea of what has been done since in order to get more | 
6 reliable soundings at Shallow Bay? | 
7 A Yes, we considered this | 
8. report very preliminary. It was conducted in a rela- | 
3 tively short period of time. We believed that this | 
10 Was the fastest way of getting this information. It | 
Al formed part of the preliminary investigation: which | 
L2 resulted in improving the location of some of the 
13 Originally selected crossings. In the past summer we 
cael have conducted further programs from a boat, which is 
LS Much more accurate, with echo sounders, on the crossings 
16 | that had been selected and the -- I believe the next 
17 panel is discussing some of this in detail with cross- 
18 sections that are much more accurate than anything | 
19 that's shown here. | 
20 
oe 
22 
23 
24 
29 
26. | 
at 
28 | 
oo 
30 
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Q I wonder if you could 
help us,in letting us know whether any of these 
studies have been listed in the lists of documents 


to your knowledge? 





A I would suspect sir, | 


they are on the next panel, but I do not know for suré. 
Q I wonder, perhaps, Mr. 


« 


Commissioner if Mr. Marshall could help us in that | 


area. 

MR. MARSHALL: I think that 
next panel will deal with geotechnical subjects and 
in view of the decision to defer consideration -- 


| 


detailed consideration of cross-delta to a later date, 





the geotechnical panel is not prepared at this time 
to go into great detail on the cross-delta. We will | 
certainly be presenting that later. I think that | 
we have advised the couwsel for the various partici- 
pants, but we have not yet furnished them with lists 
of various reports pertaining to specifically ae 
delta. These are being assembled and we hope to have 


these out to you this coming week. 


MR. BAYLY: I am assuming, 





Mr. Commissioner, that they have been prepared, be- 


cause Mr. Dau's answer suggests that there were other 
studies and if they are coming next week I will be 
satisfied with that. 
Q Mr. Dau, to your 
knowledge, were the traditional pursuits of the IN- 


dians and the Eskimos consflered in choosing the 


cross-Delta as an alternate route? 
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A Yes, I believe -- 


I believe that in the environmental section there 


was some consideration of fishing and hunting. 
Now, the specific detaile I am not sure of. 

Q All right, when you | 
say hunting, what hunting would you be referring to? | 

A Whales.. | 

Q And I take it then that : 
that will be produced as part of the cross-delta | 
material? | 

MR. MARSHALL: Yes. | 

MR. BAYLY: | 

Q Can you give us an 
idea,from an engineering point of view,what studies | 
have yet to be done before the cross-delta route could! 
be formally considered and proposed, Mr. Dau. 

A We have concluded the | 
technical studies in my view. That is the studies that 
are necessary to make that decision. 

Q All right, and if I un- | 
derstand correctly the mechanics of the way that 
thse things work as between Northern Engineering 
Services and Arctic Gas, you present Arctic Gas with 
an opinion that it can be done and Arctic Gas then 
decides whether it should be proposed, is that peer re| 

A Yes, the decision on | 


whether it is to be filed or not is not ours. 





Q Yes. 
But you concluded then from | 


your studies that it is a possible thing to do fram 
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an engineering point of view? 
A Yes. 
THE ©@MMISSIONER: From your 


point of view is the crasydelta route, the preferred 


route? 

A From a technical 
sense, yes, sir. 

Q From an engineering 
sense? 

A Yes, sir. 

MR. BAYLY: 


Q And that would be 
preferred over what has formally been proposed 
as the "Prime Route" in your view? 

A Yes, sir. 

WR. MARSHALL: Just so that 
the record is clear on thatpoint, sir, Mr.Dau is 
stating his engineering opinion. 

MR. BAYLY: I quite under- 


stand that, Mr. Commissioner. 


THE COMMISSIONER: Yes, he 


does not purport to speak for Arctic Gas. 


MR. MARSHALL: NOr does he 
purport to speak for the socio-economic consultants 


or the environmentalists. 


MR. BAYLY: I gather that 


he speaks for Northern Engineering Services. 
MR. SCOTT: I do not want 
to intervene at this stage, but it might be 


useful to -- maybe Mr. Bayly is going to pursue it 
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- to find out what the prime route is now. Has the 
2 prime route changed or has it not changed. | 
3 MR. BAYLY: I would be | 
4 quite happy to have the witness answer Mr. Scott's 
5 question if he would. 
6 | MR. MARSHALL: With your | 
7 | leave, Mr. Commisioner, this is a matter that Mr. 
8. Genest dealt with the other day in his remarks. | 
9 He said that the prime wute has not changed from | 
10 what haé originally been filed. 
1k THE COMMISSIONER: But : 
12 ac may =~ : 
13 MR. MARSHALL: But it 
14 may-- the exception of course being in the Fort Simpson 
15 revision which has been filed as an amendment to | 
16 the prime route. | 
1? MR. BAYLY: | 
18 Q Would it be fair to | 
19 say then, Mr. Dau, that the prime route is out 
20 of your hands -- you may have a preferred route 
21 but the prime route is the one that is proposed to 
= the Minister? 
23 | A The prime route that 
24 you find in the application is the one chat tis 
_ proposed to the Minister, yes. 
26 Q Yes, so any of your 
cl personal preferences may not necessarily reflect 
oe prime route selection by Arctic Gas? | 
= A I do not quite under | 
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Q You stated, Mr. Dau, | 
that you thought that the cross-delta route in your | 
| 


own personal opinion was-preferred over the route down 


the east side of the Richardson Mountains, is that not 


correct? 
A From an engineering point 
of view? | 
Q Yes. | 
A Yes. | 


Q All right, so your 





preference does not necessarily mean that it becomes 
prime? 
A I presume that follows. | 
Q Aldgrightjsitxis just 
that I am trying to chase down the meaning of the | 
word "prime® | 
Mr. Dau, or Mr. Williams, 
in route selection, what attention was paid to special | 
places of local and especially native people such | 
as burial sites and archaeological sites and eee 
camping places and traditional camping places and 
traditional fishing spots and this sort of thing? 
A We are not aware of 
any conflict with such sites a the present moment. 
We would obviously do everything we could to avoid 
them. I am not aware of any at che present moment on 


the route selection that we have prepared. 





Q All right, if I were 


to suggest to you that you have a compressor station 


on what is popularly known as Big Eddy ,would you he 
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able to. -:agree or disagree from your knowledge of 
what is called the prime route? 

A I do not know where that 
LS peace 
Q On the Husky Channel. 


Mr. Watson gives the appearance of having some know- 





ledge on that question, perhaps he could assist us. 
WITNESS WATSON: 


A You are referring to the 





location of the compressor station in that area? 

Q Yes. 

A There is a compressor 
station in the area that you mentioned immediately west 
of Husky Channel on the west side of the delta. 

Q And is that near what is 


popularly known as Big Eddy? 





A I am not familiar with what 
is popularly known as Big Eddy. 

Q All right, if I were to 
suggest to you then that it is, you would not be able to 
commernt: one way or the other? And if I were to suggest 

to you that Big Eddy is a very important fishing 
spot to certain peoples in the delta you would not be 
able to comment on that then, I take it? 

A Not personally, perhaps 

our environmental consultants would be able to comment 


on that when their panel comes up. 





Q Bai rignt. 
Do you know, either Mr. Dau 


or Mr. Watson, of any inventories of such sites, cither 
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the archaeological and burial type of sites or 
traditional camping, hunting and fishing spots that 
has been conducted by any of your consultants or any 
consultants known to you for ‘Arctic Gas? 

WITNESS DAU: 


A NOrthern Engineering did 


not retain such consultants, but it is my understanding 


that there was an archaeologist at the April seminar, 
that I believe had been retained by Arctic Gas 

Q Did he plot these 
archaeological sites for you? 

A I am not sure. Perhaps 
Mr. Williams -- 


WITNESS WILLIAMS: 


A I'am sorry -- I’ have for- | 


gotten the name of the archaeologist that was at the 
meeting, but he did present,as I recall an hour -- 

a half -- or three-quarters of an hour talk on 
archeaology aspects of the route and did point out,I 
think, a couple of possibilities that occurred near 


to the route but not on the route. -- and I am really 


not certain if those studies are going on now 
or not. Someone from Arctic Gas would have to answer 
that. 

Q To your knowledge was 
the route changed to accomodate any sites with which 
L& conflicted? Perhaps Mr. Watson can answer that as 


I see that he is getting ready to -~- 
WITALSS WATSON: : A ..I recall a discussion of 


a borrow site at a creek bed, it seems to ’me it was 
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north of Fort Good Hope, not too far, where we had | 
suggested a borrow site and I think the archaeologist, | 
I wish I could remember his name, suggested that that 
not be done. 

Q Perhaps you wish to 


consult that volume that Mr. Dau was showing you. 








| A His name is -- Miller. 


Mee lieinetyehucn, ete Vie initials. 


Q This was the archaeolo- 


gist that you are referring to? 





A Yes. 

MR. MARSHALL: We would propose 
to call evidence as part of the environmental phase | 
of the hearings pertaining to archaeological matters | 
and I would refer my friend to the archaeological 


supplement that has been published as part of the 








biological report series where you will find Dr. Millar's$ 


report. | 


MR. BAYLY: Yes, Mr. Commissioner 
I am aware of that report, I just wanted to know if 


it was considered in prime route selection. 


Q Now, you were cross- 


examined as a panel on the question of looping the 





line and I am wondering whether a schedule has been 


proposed for looping. . 
WITNESS DAU: 


A Noy. sir : 
Q And you have already 
stated that in your opinion the additional lines re- 


quired for looping could be accomodated in the 120' 


right -of-way plus 20 feet, is that correct? 
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A I believe I said 
| approximately, there would be areas where that may | 
vary. We have not done a study to determine precisely 
what is required. It is not a large area that is 
required. | 
Q Have any studies been done 
which would suggest one way or the other, whether two 


pipelines that close together would be too close 





to be safe and would be too close in light of the kinds 


of soils they were going through? 





12 A No. | 
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Q No studies of 
that sort? 

WITNESS DAU: Not by us, not 


by Northern. 


Q And with regard to what 
you've referred to as Gibson Gap or Gibson Pass, would | 
it be possible to loop the line and run two lines 
through that very narrow pass and still have them an 
appropriate distance apart? 

A Yes).sir.. 

Q All right, now I've 


used that word "appropriate", I suppose I borrowed it 


OS SS SS Se ee ee 


from you. What is an appropriate distance apart? 
A Again, we've not performed 
any studies to determine what that should be. Off the | 


top of my head, something on the order of 20 or 30 








feet, I think, would be appropriate, but it would 
obviously require study. | 
; Q Yess. | 
A There are many pipelines 
that have been looped with closer spacing than that. | 
Q Now, you have biologists | 
on your staff, Mr. Dau, is that correct, plant biologists? 
A Botonists, yes. | 
Q Now, if I were to suggest 


to you that if looping occurred fairly early on, that 


the recovery rates of the pioneer grass species that 





would have started on the pipeline route, that their 
recovery rate is much slower if they are intruded upon | 


before they have a chance to get properly established? 


befrroiy7e tom ev'ew ,arapd A 


ae 


cehaipolold sialq )»dpeavoo +649 et usd iM vtiete wwoy no Lm ; 


|teoppye of sisw FSF , wou w, 


‘msi 


























ane ef, mel 43 - ! i 


2 ey 


oy : : stove 5 - = a : 
ni a : , oe) - 
to eatbute OW os 4” a | 7 
8 ow m : 2 a _ 
. aes a Sea, 
toq .e0 yd Jon Cae 2aauT lM ae 7 i 7 


Jer of bispew Agiw BRA Q , 
hleow \e28% aoealo aa ged toedii> op of bowtietet ev'vog 
net ow? my: bas sntt eft goat of aidieeog ed at 7} 
a nous ever Liiva Boe gen worden yier Jad, sipuordts © - 
Sizsqm suaste tb 3962zq03098 

—7ie8 @8t B ; 


ev’) wor, ,gdoist IDA fj 


§i bewousod 2 ssoqgva I .“stertqedgiys” Buow Jedd Bees | 


¢ 
> 
TII6gs Sonstaih sésixgoiqgs sa @l JsAW .voy ins? . & 
a 
eiy 120 .4¢ Bleotie tends teviw oniwsetSb od epibuese yas 
v€ wo OS To ashzo off of patdsamed best yar io a 
biyow 2k 2nd ,ot68 irqorgsys od blwew , xaids Tt ,teet 


“uMbute sthuper yLavotvdo | 


#eY vi 7 
Genifis i YT yousm exes szenit & 
send ositd polosqe geeoin atin beso sed evant Sndt 
etetpotcld sven voy , won ) | 


ney ,etetaodou a ‘or | 
: : ; 


as oe 
; 
a te 
eo ot, et 
pie a — 









4 et ele 


yomit .no yluse yiaked fannie 


2040 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C, Dau,Williams ,Mollard,Watson 


Cross-Exam by Bayly 














B A That sounds reasonable, 

2 sir, but you'd have to discuss it with them. 

3 Q Have any studies been 

4 done on that aspect from the point of view of looping | 
5 this line on the prime route? | 
6 | A Not to my knowledge, I'm | 
7 pretty sure they haven't, sir. 

8 Q So these again would | 
a| be among the studies that have to be done in order to | 
10 consider looping at all? 
Lt A Yes, I'm sure that's | 
12 COETE CL. : 
13 Q Mr. Watson, you have 
14 referred in cross-examination to alignment sheets 
5 regarding the routing of the proposed highway and 
16 its relation to the proposed prime route, and you said 
17 that you had some that were perhaps not entirely up 
18 to date, and I'm wondering -- but that they were | 
L9 moderately up to date -- and I'm wondering if these are 
20 documents that you have in your possession? 
21 WITNESS WATSON: Yes, TI do, 
22 Q ANG I'm wondering, Mr. 
a3 Commissioner, if Mr. Marshall can either tell me that 
24 these have already been listed as documents, or can | 
25] produce those for us? | 
26 A These are a | 
27 set of working alignment sheets that I have with me. | 
28 They are the same sheets that are filed. I just | 
29 made a few changes where there have been variations | 


30 from the highway route between the filing and the 
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1 present date. 

< Q You have up-dated then 

3 the alignment drawings that are submitted as Exhibit 

4 67 and following? | 
5 A No, I haven't. All I 

sy have done is pencilled that line on a set of drawings | 
7 of my own. We have not up-dated the originals. 

8. MR. BAYLY: All right, I'm 

9 wondering, Mr. Commissioner, if we could have the | 
10 benefit of those perhaps put in as an exhibit? | 
11 MR. MARSHALL: Mr. Commissioner, 
12 it seems to me that there is no aerriculty™at "aril in 

13 making Mr. Watson's alignment sheets with his rea gaat 
14 notes containing information obtained from the D.P.wW. 

15 available for inspection. I see no point really in 

16 putting chehi/ae a separate exhibit. If Mr. Bayly would 
17 like to have them examined, we could make arrangements | 
18 for that right now if you like, you could examine | 
19 these, or if you want to do it at a later date, the | 
20 witness has imple ceaehee he has got some information | 
21 fromthe D.P.W.,more recent than that Arctic Gas had 

22 at the time the application was filed, but they're 

not completely up to date, and it might be rather 

oe misleading to put the matter into evidence. 

2 MR. BAYLY: Well, Mr. Commissioner, 
=> I can satisfy myself by looking at the document. . The | 
a question is whether you will be satisfied if I look at | 
- the documefit , and -- 

S MR. ANTHONY: Mr. Commissioner, 
30 


I'm sorry,I raised the issue in Cross-cxamination, and 
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it was my understanding at that time that that pee iemss | 
tion would be made available to the Inguinry ,Ggand.i am 
trying to find it in the transcript and am unable at 
the moment, but it certainly was my understanding. 

MR. BAYLY: I'm quite prepared | 
to leave this point while the transcript is being 
examined and come back to it at the end of my cross- 
examination, Mr. Commissioner. | 

Q Now, Mr. Dau, if I could 
go to your criteria for route selection on page 7 of 
your summary of evidence, and looking at point l, | 

“The proximity of the pipeline to other known | 
and probable future sources of supply," 
now I take it that some of the known sources of | 
Supply are the five clusters of wells that Mr. Ballem | 
and his clients are interested in. 

A Yes. 

Q Would you tell us from 
your knowledge and with regard to the selection of 
this as the prime route,what other known sources of 


supply are in the area of the prime route, and what 





other probable and future sources of supply are contem- 


| 
! 


plated in the prime route, and I don't expect you to 
give me exact map references, but I'd like to know what, 


sort of a field you're looking at in your prime 


A Can I have one moment 


route selection. | 
} 
| 
to find a map? | 


0 


Certainly. 


A Sir, one of the alternatiye- 
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1 drawings that lists or has a map that shows potential 

2 supply areas-- I can't find it right now -- Section 

3 14-E, Mr. Marshall. 

4 Q Reference auld be given 

; so that the Commissioner could be looking at the same | 

6 | map that you're looking at. 

7 A This document is entitled 

8. "Alternative corridor drawings," 

9 sub-section 14.e.1.10. I believe it's Exhibit 60. | 
10 Q Looking at a specific | 
11 map, Mr. Dau? | 
12 A It's about the third | 
13 | page in, drawing number is 4-0204-1014, revision 2. 

14 Q May I read that back to 
15 you because I don't know if I've got it. 4-2004-1014 
16 division 2. 

17 | A I think that second 

18 Series of numbers are reversed. 0204. | 
19 Q 0204, thank you. Mr. | 
20 Commissioner, have you got that? Could you tell us | 
21 then, Mr. Dau, what -- 

22 A Yes, this map shows the | 
23 geo -- provinces and basins and I'm referring Specific-! 
24 ally to the north slope, is an Arctic slope basin and | 
25 extends from Prudhoe eastward across the north slope | 


of Alaska and Canada. Obviously it's my understanding 
that has a potential, it shows the location of the 
Mackenzie Delta, Beaufort Basin, and continuing down 
the Anderson Plain all the way down the line. I won't 


go into all of them, but there are -- 
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1 Q Couldsz stopyjust for 
2 a minute? | 
3 A Certainly. | 
4 Q When you say "all the way 
5 down the line" do you mean all the way down the proposed | 
6 Pipeline route? | 
7 | A Yes, to the 60th Parallel, 
8. Q So the sedimentary basin | 
9 then continues rightjt he Way Up river, is that correct? | 
10 A Thais corrects eI tialiso | 
nd. indicates that there are areas, for instance, in the | 
12 interior and the Yukon, that are not -- have no poten- | 
13 tial and are not sedimentary basins. There are some, | 
14 of course, in the Yukon that are, that have sedimentary, 
15 basins, that have some potential. Now I'm not qualified) 
16 to rank them. I understand), I suppose there will | 
17 be other witnesses who could do that. 

18 Q So it is possible then | 
+9 that,because there is a possibility of finding gas all | 
20 the way up the river, that the -- a very important | 
22 reason for selecting this as the prime route,is that | 
22 the pipeline travels up the same river. 

23 A I think it would be mre 

24 to the point along the Arctic coast, sir. On this 

25 map it clearly indicates that the interior route passes 
26 through a rather extensive area that has no potential, 
27 where the coastal route passes by an area that ate 
28 has a potential. | 
29 Q And is one of the other | 
30 | 


reasons because of the possibility of piping gas from 
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1 eastern ARctic fields to this line as well? 
2 A By "eastern Arctic" 
3 you're referring to islands? | 
4 Q Yes. | 
5 A NGL would t) tirink 
6 | Bo, sir. 
7 | Q So this prime route then 
8. would be,in your estimation, preferable not only for 





other fa ¢ors, but for the fact that there is,on the 
north slope of the Yukon,a high possibility of finding 


fimre gas supplies there, and as well down the -- or 





up the Anderson River and up the Mackenzie? ! 
A Yes sir. | 
MR BAYLY: Mr. Commissioner, 
with the exception of the question that I had asked 
regarding the -- Mr. Watson's knowledge of the highway | 
route changes, which I understand from Mr. Marshall 
may not be entirely up to date, I've finished my Cross-| 


examination. I would like to be able to find in the 


transcript just what Mr. Genest did say about these 





but I don't want to delay this morning's proceedings, 
and perhaps if I could be allowed to reserve my right 
to ask that question after Mr. Scott has completed 

his cross-examination, with one exception, I with one | 
exception have concluded. I have one set of questions | 
and that is going back to 3.11 and just following up 
Mr. Williams, your answers to Mr. Bell. I take it -- 
and I'm referring to page 21 of that report -- that 


not only were the people Mr. Bell referred to,not 





consulted about the routing of the pipeline over their 
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Al traplines, but that neither were the following people: 

2 Ida Joe, David Husky, Danny Gordon, Eddie McLeod, «nd 

3 John Lenny, as well as the 50 trappers in the group 

4 | trapping area in Old Crow. 

| Would that be fair to 

6 | say? 

7 | WITNESS WILLIAMS: I can cer- 

8 tainly say that no one ‘fromNorthern Engineering contac~ 
9 ted these people with respect to the route location. 

10 | I think I did say earlier that I was sure that other 

1 people had. 

MR. BAYLY: 

12 All right, that was what 
13 I meant by your company. I have no further questions 
14 at this time, Mr. Commissioner. 

1 
16|  CROSS-EXAMINATION BY MR. SCOTT: 

17 | Q Mr. Dau, I had occasion 
18 earlier to pass a comment about the weather to one of 
19 the members of the panel. I presume that when you give | 
20 evidence before the Federal Power Commission you won't 
aah list me as a consultant without the appropriate remunerr- 
pe) ation. I'd like to begin by asking some general 
23 questions which may lead you to say, "Where has he been 
24 for the last two or three days?" But which are . designed 
25 so that I at least will understand the process. 
26 Now in the first place th 
27 is going to be Arctic Gas' pipeline, is that correcz? 
28 A That's my understanding, | 
23 Sir, yes. 

30 Q And that your function is 
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a consultants to them, and that means that your obliga- 
2 tion is to make recommendations to them and in this 
3 context recommendations with respect to route. 


4 A Yes. 
Q And whether they act on 
those recommendations or not is for them to decide. 


A Yes. 





Q Well now, after they have 
Made a determination with respect to your recommenda- 
tions, I take it that applications are made to the 
Minister for an easement and to the National Energy 
Board for a certificate of necessity, or whatever it's 
called. 

A Yes 

Q And at that stage you 


really have done three things: You have done a 


preliminary route selection; you have had input from 





various consultants to determine the adequacyor .the 
propriety of that route; and yau have selected a prime 
route. 

A Yes. 

Q And the application to 
the Minister or to the Energy Board at this stage is 
fundamentally based on the alignment sheets that are 
an exhibit here. 

A Yes. 

Q And those alignment 
sheets only locate the route with respect to the scale 
that is used on the sheets themselves. 


A I think I know what 
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Dau,Williams ,Mollard,Watson 
Cross-Exam by Scott 
you mean, yes. You're saying that we can't precisely 
go out in the field and say, "Within a foot this is 


where we are." | 





Q Yes,’ it's even a little | 
more than that. 

A Yes. 

Q You can't say within 50 
feet. 

A That is correct. 

Q And therefore what con- 


fronts the National Energy Board at this stage is a 
prime route selected by the applicant, after your 

advice, which in a general way discloses the route | 
that will be followed by reference to the alignment 


sheets. | 





A I would think in a general! 
Way it's too broad, at least in my definition of 
in a general way. 

Q All right. Well now let 
us assume that the certificate is granted by the 
Energy Board. 

A Yes sir. 

Q I take it that at that 
stage yau are already moving toward final design. 

A Moving towards it, yes. 

Q In the sense that you 
are doing the terrain analysis, the engineering work, 
the design work that is necessary to produce a final 
workable design. 


A Yes. 
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Q And that is a continuing 


process. 





A Yes | 

Q And I take it that as you. 
approach final design, one of the things you do is you 
survey. 

A Yes. 

Q And the survey enables 
you to precisely or much more precisely) locate the line 


with reference to the alignment sheets. 





A that 28" Correct. AT %s) my 
understanding that the Naté#onal Energy Board, for 
instance, requires a plan,profile and book of 
reference. This plan, profile and book of reference | 
is developed from an engineering survey that locates 
the right-of-way in relation to other legal boundaries.| 
It defines the extent of lands that are required, and 
it lists the ownership of the lands. This document | 
has to be approved before you get leave to construct. 

Yes, I was coming to thati. 

A I'm sorry. 


Q Substantially all that 


work in which the line is designed and the line is 





placed with precision on the drawings is done tradi - 
tionally after the certificate of necessity is granted. 
A Yes:, 
Q And then when you have 


done that, you go back to the Energy Board with an 





application that precisely details the logation of the 


line and ask for permission. 























pene nena $1 icky yee 


? . re i i eT syle 


veer A a 
voy es tert dt Siad ' BAA © 
| yoy «i ob lioy eptids ofl¢ 2o ono .telesh teniteriepoxqas 
.yovxse 





-2af A 

cei dane ysvive afF Srl 9 
jonti et sievol  wieeinarg etom tho to ylerinarq oF voy 
-atecte taetipils od) of sonexster Atiw 

yr e'Sl .foarva> at san? & ¢ pal 

702 ~b¥eoa yp sat Lasoatev ett tead ontiasteatshay 
le dood hoe of itovq, sel » eothupet , eomsenl 
o> tetetet. %> Noed bar sriteda colq efff .sonezetes 


2nsaool taA9 veviwez puliizesnipnas as mort? beqolaved ai 


eS erm 


-aeirsbiniod Lepsi radio aot solgslex nl ysw-to-sdptz edd 

bos ,boalippe2 ets Jad¢ abaet Fo spesee ede @enleeb 41 

Jnsmwooh affP .abant stf¥ lo gqidexenw> Sad edakt Zt 

| -dourgenbo oF Sveal 2ap vy axbbad bevoiggs ed oF ans 

jens oF palms eew 1. .as¥ | 0 wa ae: 

‘y2upe WE OA a “i 
Jats Lie yissitmetede 9 

et mi rh eh ng te 

~ bdexd onob et wean ls 

botnet et bees, eo) 9: | 


be 


3 


ALCLWEST REPORTING LTO. 
BURNABY 2, B.C. 


nd 











Ao | 
Dau,Williams ,Mollard,Watson 
Cross-Exam by Scott | 
A Yes. 
Q And I take it that when 


you go back as a matter of practice to the Energy Board, 


you will have made many alterations in the locating of 
the line. 
A From that shown on the -- 
Alignment sheets. 


A -- originally filed 





alignment sheets, yes. 

Q And those alterations 
will be dictated by a variety of factors, such as 
economics, the actual terrain you find when you go 
on the ground, design problems or features. | 

A Yes. 

Q SO. that we must 
recognize, must we not, that the alignment sheets are | 
Only a general guide to the location that may ultimately 
be developed. : | 

A Again, with the defini- 
tion of "general", it's the best we can do at this 
stage. 


Q All right. Well let us 


assume, I think what you're saying is,it's the best 


you can do without spending a whole lot of money and 
going over the route foot by foot, as you will{ltimatel 
have.to,do, 
A That's correct. 
Q Well now, let us assume 
the Energy Board gives permission to construct. I take 
| 


it that even after that, there will be in the normal 
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| 

| 

| 

| 

| 
course, revisions of a more minor type which will be | 
| 


dictated by particular design problems, or particular / 
terrain problems, as you confront them in the course of| 
construction. 

A As a normal course of 
events, yes sir. 


Q And that at that stage, 


you make what is called, I think, a request for 





revision approval of the National Energv Board. 

A Yes. 

Q And they grant, I take it 
at that stage it's almost a matter of course, one 


hopes, I suppose, they grant a revision approval. 


A Yes sir. 

Q Well now, let me just 
ask you one or two other questions. Are you able to 
tell us what your timetable is with respect to final 
engineering design and with respect to the survey 


work that will be necessary for the second National 


Energy Board application? 

A The permit -- and I'm 
just picking dates for illustrations -- if we obtained 
the necessary regulatory approval on January 1, 1976, 


Q And you're talking about 





the certificate of necessity? 

A Yes, from the National 
Energy Board and the financing is complete and we're 
ready to go. 


Q Yes. 


| 
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Dau,Williams ,Mollard,Watson 
A Prior to that date we | 
hopefully would have some confidence that we were going| 
to get puch approval , and we would be getting ready 
and doing some of the more important locations such as 


at river crossings, which are key locations. Some 


of that work would have bean done at that stage. er 


| 

| 
the construction is to start on November 1 in the | 
winter of 1977-78, we have a period of time,that's 
approximately 20 months, to do the type of work with 
respect to survey Baer eit location: that you're 
talking about, that is sufficient time to be ready to 
allow construction starting on November 1, 1977-78, 
recognizing that we're not going to be working on 
every section of this pipeline simultaneously. In | 
other words, it will be phased. If the construction 
program takes place over three winters, and two 
summers, obviously we don't have to have all of 
the survey done in the first initial phase. : 


Q But I take it that 





what that means in practical terms is that between now 
and the drawings on the alignment sheets, you will 
have to do very substantial on-the-ground terrain 
analysis and survey and design work to ascertain with 
any real precision where the pipeline will go and how 
it will be constructed. 

A I'm not qute sure what 
you mean by "more extensive terrain analysis". 

Q I'll give you an example, 
if I can. When Mr. Gibbs was talking about the Ebbutt 


Hills, the other day, Dr. Mollard indicated that 
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that wasn't the easiest part of the line and that | 
there might be some problems there, and I take it that 
those problems won't be found really by flying a plane 
20 miles abov e the surface of the earth; they will a, 
found by going into the ground and doing a detailed 
analysis of what you find there, and applying to it 
whatever construction techniques you can devise. | 
A Yes, I understand your 
question. 
Q And itmay be, as Dr. 
Mollard said, that having done that work, it may be 
necessary to move the line five or ten miles, I 


think was his phrase -- it was just offhand obviously 


-- one way or the other if the problems are serious 





and if the design solutions aren't available. 

A I think those numbers 
five or ten miles are far too great. It's not, in | 
my view,it's not necessary -- there would not be a move 


offhat magnitude, but I agree -- 





Q Say five miles? 
A Beg your pardon? 
Q Say five miles? 
A A lateral movement, in 


my view, of a few miles, two, three, something like 


that, could solve the problem. But I agree withyou 


that there are critical areas and that is one. 

Q I take it to be fair -- 
I'm sorry. 

A That is one. There 





appears to be some concern with respect to the eee 


| 


| 
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1 of the Ebbutt Hills. Quite obviously we would want 
2 a program, a drilling program to determine precisely 
3 What's there. It would be very similar to a critical 


4 location such as at a river crossing. 
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Mollard, Watson | 
Cross-Exam by Scott 
Q So that I take it when 
you get to that work, that work may produce a reasonably 
substantial location change? 
A ft could sir. 
Q Yes, and of course we 


are not talking about a location change merely at the 





Ebbutt Hills because it will affect the line of the 
pipeline for some area before you get to the Ebbutt 
Hills and afterwards. 
A that is. correct. 
Q Yes, a pipeline does not 
bend at right angles to accomodate a particular problem? 
A That is correct. 


Q Yes, and I take it that 





there are other critical areas all up and down the route, | 
particularly at river crossings where this kind of 
thing will occur. | 
A That is correct. 
Q And furthermore there are 
critical areas, I suggest to you that you do not even 
know about yet and will not until you get out there. 
A That is correct. 
Q Well, let me ask Dr. 
Mollard, if I may, one or two questions about his 


role. I think I understand what it was. I understand, 


I 


Dortor, that -- and in answering these questions I 
ask you not to concern yourself with the other corridors 
that you examined and not to concern yourself for 


the moment with the Travaillant Lake and north shore 





parts, just think of the corridor that runs from 
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Cross-Exam by Scott 


Richards Island down the east side of the river to 
the Alberta border and I take it that as you said in | 


your evidence the other day, you were given a corridor 





of about ten to fifteen miles. | 


WITNESS MOLLARD: 


A Well, that was early, 


yes -- 


Q Yes, and then you were 





able to reduce that down to a corridor with the 
aid of photographs, of four to nine miles depending on 
the scale of the photograph? | 

A Welds 1 examined =<. 
think what Mr. Dau was referring to there was early | 
in the study we did this broad regional examination wa 
then I looked at a narrower corridor at that time going 


back to 1971. At that time I do not think that the 


route that you are referring to on the east side was 


in the picture. 


e 


Q Well, let me ask you this 
When did you begin to look at a corridor, let us Say, 
four to nine miles that coincides with the Richards 
Island/ Alberta border prime route? 

A Well I examined -- 

Q - Well, just tell me the 
time, Doctor, if you will -- when did you begin to 


do that? 
A Well, I examined the 


whole corridor back in -- prior to '71 -- that is, 
as I mentioned, from sort of mountain peak to mountain 


peak, and at that time I looked at a corridor of this 
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Mollard, Watson 

‘Cross-Exam by Scott 
varying width through the valley. 

Q All right, and I take it 
that your task was, dealing just with that corridor, 
at the moment, your task was essentidly to prepare a 
map for your client which showed the terrain as you 
had analysed it and which ultimately is the alignment 


sheet? Any doubt about that? 


A I am just trying to think 


back. I think the object of that exercise was to 
get an Sa See of the terrain along that broad band, 
rather than the narrow, narrow band. 

Q Well, ultimately, Doc- 
tor, you produced a map which has thse markings on it 
as shown I think on the alignment sheets, in which you 
describe the terrain. 

A That is right. 

Q Yes. Now, what I want 
to know is this. I take it that apart from your 
consultative function, your prime function was to pro- 


duce those mape. 


A Maps that are in the 
alignment -- 

Q Yes > 

A Yes -- that is right. 


Q All right, now what I 
want to ask you is when were you able to produce maps 
thatjdealt wih the corridor from Richards Island to the 
Alberta border? 

A Well, they came as they 


were~ sent to us by the client. The strips were sent 
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: to us and we terrain typed them, and that -- | 
: Q Yes, but I take it that | 
: the terrain typing was done for this part of the line | 
“YW  by 1971. | 
: A No, I am sure that it was 
: not. 

Q Well, when was it done? 

A In '72 -- 


Q When in '72 do you think 





that it was complete ? 

A Well, we have been doing 
it on and off since '72 as the alignment sheets came in 
and the -- 

Q Well, would you agree with) 
me that your terrain typing maps -- I am talking only | 


about the corridor Richards Island down to ALberta -- 


A Ves. = 

Q -- was substantially’ 
done by 1972. 

A No, I am sure that a lot 


of it was done after that. The Travaillant Lake area 
and -- 

Q I am concerned about that, 
Doctor, because the "canned" evidence, if I can use that 
expression, reveals that a route was given to the 
consultants at a certain period of time and I presume 
that a route would not have been selected without 
your terrain analysis map. Now, does that help you 
to tell me when you got into the hands of Northern 


Engineering the terrain analysis map that deals with 
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ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. Mollard, Watson 


Cross-Exam by Scott 


1 this corridor in substance? 
2 A Well, I really cannot ok 
3 you the date because we did it over such a period of time 
4 and -- I think the major part of it was done in '72 : 
5 though, that would be my recollection -- '72-'73 -- 

6 Q That is what I thought -- 


¥ ALbieragnt . 





8. Now, I take it that after the 
9 Maps are prepared your fundion is to be available to 
10 be consulted and to help answer any questions that you 
a1 can. 
5 We, A Yes, if I am asked. 
2 
a3 Q Yes,/you are asked. | 
14 --And it is not your obligation to make any judgment as 
a5 to the type of terrain that is best suited forthe | 
16 construction of the pipeline unless you happen to be : 
17 eared | 
18 A Well, as I mentioned, 
19 I discussed terrain types and the various terrain units 
20 with the people at Northern engineering on several 
au occasions Daag te Ponte injtime £ had + three of them =--% 
ae Q I know that, Dr. Mollard I 
23 A Yes 7--= 
Q But you are not responsible 
for selection of this route and responsible for the 
engineering characteristics -- 
A Thats jright.-=- 
Q Exactly. That is the 


function of somebody else. 


A ThatevLay sidgie.. <= 
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: Q You provide the maps and | 
answer questions, is that not right? | 
: A Mhiaruns ee ign. 

; Q And I take it further that 
5 


you do not make any judgment about the design techniques 
that may be required to overcome route problems on a | 
route that in fact is selected by somebody else. 

A That is right. 

Q And I take it that at 
least at that stage you do not give any advice unless 
you are asked, any sort of mile by mile advice on 
routing of the pipeline. 

A That is right. | 

Q You are a mapmaker. | 

A In this particular eee 

as I said, I .identify, classify and map the | 
terrain -- : 

Q Exactly. 

Well, now I put it to you 
that that was done at least substantially over three 
years ago -- the terrain typing -- for this part -- I 
am not talking about the new filings. 

A No, I would think not. 

Q Did you ever hear, Dr. 
Mollard, that a route had been selected without your 
terrain typing? 

A No. 


Q That would strike you 





as very odd -- courageous, perhaps almost foolhardy, 


would it not? Wouldn't it? 








~ — — 


} ted? sodate? 22 oles {es . 
| gaupiniioo?d retain Sri setae. Juciaibok gan eae ak. eS tee | 
& no a@ieldosy eteoy eaastery 02 Berlupes od sa tect 
sels yhiddsemoe yd Ragseled 1 Feed as por educt 


Ja 2602 ti edet FT BAe 7 


| enefau svivie vis avip Sor ob 267 ooSia sede +s sasel 
. 


promeons xeiveisieg ety al i 


j . 


) udy o4 St ¥oq tT Wow [Lol 
| eoxdt vavn yifhlayasgade: tenet de ‘Snob ‘kew y 
| Il == 3a89 — 21 Tidal aieisy edd - 


| dn sacl tat ca A 


saber 


mo acivhs 


« Siig ies ai. ‘eel A 


~TeAsggqem A ave voy 


te s@a 
od3 46m Bix: giieaals @ezoebh - x ,bign I es 


slim yt elim to Sica yao ,Bedas ozs woy 



















ut Beant: 4 
5 _ €& 


OL 

4 

.sntleqie eft 2o paisvor hans 
f 

af 

ke 

as 


vi Joan G) 





7! 


vepmibed wor 60 Jveds patties ton ms 


ALLWEST REPORTING L.-TD. ‘ 
EATER OWiawiKey auc Dau, Williams 2061 


n= 


Nn 


fea) 


Mollard, Watson 
Cross-Exam by Scott 


A Well, I would think that 
it would be desirable to have my terrain typing. | 


Q Yes, -- dangerous 


not to have it -- Right? 
A It would depend on who 


selected the route and their background of experience, 


I would think. 


Q Well, now in response 
to qgestion number 17 of the Government Assessment 
Group which is contained in the response volume -- 


I do not know the Exhibit Number, sir, at page 17 -l, 





the third paragraph, the first sentence reads: "When 
the terrain typing has reached a reasonable level of | 
reliability, it can be used with confidence to locate ! 
the pipeline within fairly narrow corridors. This | 
level of reliability was obtained by the applicant 
and its consuitants over three years ago.” 

Now, would you agree that you 
obtained an adequate level of reliability in respect 


of terrain typing over three years before this 





response was filed? 


A Yes. =<- 1° <+ 


Q That is what your client 


says -- what do you say? 


A Yes, I think that that 


is a fair statement and -- 


Q So the terrain typing 


was done over three years ago? 


A No, not all of the ter- 





rain typing on the Travaillant Lake -- 
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1 Q On the corridor that we 

2 are talking about from Richards Island down to. the 

3 Alberta border -- leave aside the additional filings 

4 and the alternative routes. 

° A Yes, I think that -- 

| Q So this statement in 

7 the response is accurate? 

8. Are you worried about it? If 

9 it is inaccurate,tell us . 

10 : A Well, I was going to say | 
11 that in the context that I read it -- I would say that 
12 in my view I did have a _._ good level of confidence over 
13 three years ago for the whole corridor and to answer | 
an that in more detail, last night for the first time I 
oS was comparing the documents in -- from what you are | 
wd reading there and I was looking at one terrain type, | 
- for example, D-L and that was very early, I think in 1971 
18 1971, November '71 and we had six or seven holes in 
19 D-L and I had drawn a profile of the terrain type and 
- the materials at that time in 1971. 
“= Then an the next,a little further 
a back in that document, there is another one of D-L 
ee when they show 527 holes versus seven and the strati= 
sid graphy that I had after seven holes was essentially 
AS the same as what is shown on the 527 holes. 
ig Q Doctor, I do not 
ae want to cut you off, but I also want to help you catch | 
a4 your plane -- 
is A Yes, okay -- thankyou -- | 
30 


Q Let me go on. Would you, 
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“ agree with me that since three years ago when your 
2 terrain typing was substantially done, later data 


3 has not altered any of your views in a significant way? 


A I would not say that 


| 
| it has altered my views in a significant way. 
Q Well, now I would like 


to turn to Mr. Watson, if I may -- do you want, Mr. 





Commissioner to take your break or is it too early? 


THE COMMISSIONER: Whatever 





suits you.. 

MR. SCOTT: It as -4-good 
time. 

THE COMMISSIONER: All right, 
we will adjourn for ten minutes. 


(PROCEEDINGS ADJOURNED FOR TEN MINUTES) 





a ; 
» 
; : 7 -r : a } i 7 ~» . td bald ; 
Eses was b ; am: vue <A ; - : ae ‘7 BAM 
+ ae or errs 


woy (siw aps sjyoay sors porte Jade em ddiw serps \4 
Bra! tetet ,aioh yiiebinesudve esw patgy? atsate? 


fyew Insofsinple s ay ewatv awoy to, yg betedls. toa ead 4 





te yer ton Siuoe 7 A 
yaw tnsoliiaghie * ol avaiv ym batedis asd ot 


wAil Sivow 2 won . few ) 
1 


1M \dosw ucy ob =~ vem FT '5),qce8ae .35M of a2n2 oF 
Syiash coc 31 21, tO Aeead funy SAB? o8 necolsetnmcd 
rsyvadertW <HaOleerIMMo> AT 
toy ative 
bode s ah si TNS Sid 
. emis 
JIdpie tse ‘SOT cf iMeoS ART 
astunte cat <of wiyéths (Liw ew 


(eavUHIn vst 209 ASWAUOCLGA BoM ERRORS) 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. . . 
Dau,Williams, Mollard,Watson 





evo. 


i 
| 
Cross-Exam by Scott | 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) | 

| 


MR oCOTL: Mr. Watson, I 
understand from your evidence that you were responsible, 


in the first place,for plotting information that you 
obtained on the maps prior to preliminary route selec- 
tion. 

WITNESS WATSON: I think what , 


you're referring to in my preliminary evidence,I men- 





tioned that I was responsible for gathering the data 
from various sources and getting it placed on the 


alignment sheets. 


Q Yes, that's what I 


meant. 


A O.K. 


| 


Q And I take it that at 





an early stage there would have been someone who would | 
have taken a pencil in hand and perhaps a ruler and 
started to draw on the basis of the information at 


hand, a preliminary route. 


A Yes, that's correct. | 
Q And I take it, though, 
you were no doubt responsible to Mr. Williams and 
others up the chain, that that was really your pre- 
liminary responsibility, subject to their judgment 


of your work. 


A Well, this initial 


route was picked by a number of people. I was one 


of them but certainly not the only one. 
Q Well, let me ask you to 


turn -- before we do, let's just consider again the 


rueyva« 2 


noets6W, bial hott « ee. % 
‘y¥Yos2 ix. be 


(TUIMENUOL CA Of THATEANS GUMISaR BOuLdaB ORF) 


OF 2 awit we 
8 .& 





I ,soad6w , om :TTO0e mM 
aldiesaqgeet ecsw voy Jade Sorebive agoy mor? beaéserebruv 


tev 264° anijemtolnk puibtstoly tab, e0elg 2Batt sad at 


juan vieqtnlicaig- of Tetigy sqem snes one bealsesdo 
Holt 
tlw 5 in Ve BESHT Lv 
Gum 1) eercebiv thotnifexs vo of 04 gabtyetes ex "roy 
sab + : ens t sid/gooqset eaw LT 268? benois 
? prigver | hoyugie auotesvy mort 
-@teera toommpile 
' a4 
<anéb em 
A 
JR J6¢ J i 
firs ' Tite far gy : oeetial” 12 @pbJe YLIbe OS 
Die Sivt 6 aGka LSC f my ee & osdle?s svad 
o fo Pearse? ay 4 Jc en? eo. wes of Baszaze 
venimniiesa o basa 
3 ‘Gil P| \ 
hpuonia a3 Hy als 
bia ameilicw ,=h of siciancose: Sdweb on stew Boy 
| ~~ files: zeaw guile tea: ,ntsio si? qu ayendso 


treupiat gied? of goetdwe ,vrslidianogaez yxentmil 
Atow xuvoy, 2 

lefgiel efi- .liswW A 
Sioa asw = efyuoor Jo vats « vo Besznig ssw stu0s 
| sho 2laGa mit don yinkesten judd weds 26 
| of voy Awe am dal. Liew 9 


rid plepe Sebiaqnes Jeufp Biel .oh ew et]eted —- nxo2 





2065 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


~s 


(oe) 


We) 


Dau,Williams ,Mollard ,Watson 

Cross-Exam by Scott 
route that ultimately became the prime route, that is 
the route from Richards Island down to the Alberta 
bordey without the amendments and without the western 
leg. Is that all right? 

A Fine. 

Q Well now, I take it that 
anybody would recognize, confronting the problem of 
drawing a route, that you knew where you were going to 
start approximately, at Richards Island. 

A Yes. 

Q And you knew roughly 
-- at least if Mr. Gibbs and his client had their 
Way -- of where you were going to end up, at the 
Alberta border somewhere. 

A We knew where the end 
point was, yes. 

Q So with respect to what 
ultimately became the prime route, you had a starting 
point and within some limits, an ending point. 

A Yes. 

Q And the problem is to 
draw a line that connects the two. 

A Yes. 

Q And I think as Mr. Dau 
has said, and subject to amendments that may have been 
suggested by your consultants, the object is to draw 
as straight a line as you can, consistent with the 
safety and security of the line. 

A Well certainly if there 


were no other factors involved, a straight line would 
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be the most economical. 


| 


Q Just see if I understand. | 


i} 





The first thing you look for, if possible, if there 
are no other factors, is a straight line. | 
A Yes. | 
Q Then you look to determine 


whether the straight line creates engineering or 


design problems that can be foretold. 





A yes. | 
Q And that may lead to a 
deviation aan the straight line. 
A Yes. 
Q Then you look perhaps 


to see whether the straight line will in some way 


damage the security of supply. 


A Yes, that's a considera- 
tion. 


QO You want to crossa smaller ' 





river rather than a bigger river, if you can. 


A M-hm. 
Q ten't. that so? 
A Yes. 


Q And that would be the 
third consideration, and then of course in this case 
there were all the inputs that you have described -- 
or that Mr. Dau has described in some detail from your 
environm ental staff and the socio-economic advice, if 
any, that was obtained by Arctic Gas. 


A M-ha. 





O Which led to other 


was 





apetaW, Pte li oM, Bem eL Te 
+08 a ae | a 


 leatmenane ?aom eda ad 
baevertebry I ti 298 Jugt @) 
ezecda 1) ,eidtasog Gi \ 20 Agel woy paid? saat? oT 


eeeil tadptbate «a ef  S2Odorn7? tengo off Sxs 


e934 A 
enimaistoeb of acol woy oad? 
vidreenipro amteeia snéi sdotsage side tedverdw 


hingexot ed neo tat’ eatieldoug npteed 


nit dtotewse add mow) netsgaived 


4 A 

age Test y aM s 
ow emige ff iw enrl tap teute ett waenitesty. ese of 
vylayie 26 yolivteses eniy spemsh 

' b os 6 #9 f 
.n0.tJ 

toll ama Beaqzs oF 7 t 

BS tit’ Vrxt teppid » sad) sefitet 39Viz 


708 Zenit 2 rel , 


ef ed Bluew Jand AoA 


'S. 


ezso etd AE Bewwon To ved ine ,aGlitesesbratoo, aid? 
-- bedixo@eb eved voy geass atduent afy le etew ozeds 


) . 
| svoy moxt Lisyeb ovo ai bedirosah e604 wel .2 gene x6 


hd , to ivke obtoncoe-clvoe eo bas 22492 Ledas, mnosivas 
| ‘esd o2207h yo Keglinidea asw todd yas 
| -turl+M A 


109rtvo OF tet foi o 





ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


hw 


N 


co ~~] 


wo 


10 


eee 








2067 


Dau,Williams,Mollard,Watson 
Cross-Exam by Scott 





modifications. | 

A Yes. 

Q All right. Now let's 
begin, if we can -- it will be very short, I don't | 
want to take too much time -- with alignment sheet No. | 
1, and I think it's not called No. 1 but it's the first| 
it's the one that shows the Richard Island startiait's 
leAsO2Z00-100l.W Artis dmaExhibit 62) 

THE COMMISSIONER: What's the 
number again? 


MR. SCOTT: It's the first 


map, Sir, I think, in the book. The number is 1-A-0200+ 





1001. 

A We have that. 

Q Thank you. Well, I take | 
it you've told us, you began and insofar as possible 
with the straight line principle. 

A Yes, that's correct. 

Q And ideally, all you 
would need is a ruler and a pencil and you could draw 
one right down to Alberta, ideally. 

A Ideally, yes. 

Q And you cleave to that 
ideal as closely as you can, bearing in mind the other 
considerations that are set out in Mr. Dau's evidence. 

A Yes. 

Q And the starting point | 
isShown as HP about half-way along that alignment sheet ,| 


isn't it? 





A HP refers to a heli-pad. 
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The little square there is the actual location -- 


Q I see, all right. The 





Square is the starting point. 

A That's correct. | 

Q Well now, the first thing 
that I see is a kink in the line. It seems to me if I | 
had taken a ruler that I would have drawn from that 
Square right over to the little point below the lake 
and then I would have had the most economical line 
because it would be a straight line. 


A Yes, I guess that's -- 


Q Isn't that so, that that 





wauld have obviously been a straight line. | 


A That would have been a 
straight line, yes. 

Q Well now, are you able to! 
guess -- you may not have the details, but are you Bie 


to guess why you didn't do that in this case? 


A As you mentioned, I don't 





have the details of this particular section. I would 
guess that probably the reason that line isn't straight 
is because of the water crossings and between, and that 
it was meant to facilitate a more desirable crossing. 

Q So what I'm suggesting 
to you is that in drawing that line, you didn't really 
begin from the square at all, you went first to the 
water crossing and said, "We're going to have to cross 


that river, where is the best place to cross it?" 





A Well, when we got down 


to this level of alignment, I think that they started 
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at the starting point and there are key points along | 
the line which we attempt to get in as straight a line 


as possible, and certainly one of them is river 





crossings, others are lakes and mountain ranges, areas 
of potential buoyancy and so on. 
Q Well, Mr. Watson, just 


let me ask you,if I'm right about this, and leave aside, 





the environmental consultants and the socio-economists 


for the moment and let's just look at this as epoaneees| 


but that would not be accurate. You look at it as an 
engineer, seeking the most economical and secure 
route, and I take it that when you began to plan this 
line you made certain decisions. First of all you wanted 
to cleave as closely to the straight line as you could. 

A That spcorrece, 

Q The second thing,as a 
general matter, you would have decided fairly early, 
is that you wanted, generally speaking, to come down 


the east side of the river. 





A VES. 

Q The third thing you woul 
have decided, generally speaking, is that you didn't 
want to go through any lakes and you didn't want to 
go over any high mountains. 

A Ria aeons c G: 

Q And in fact you were 
pretty successful at avoiding lakes, all things 
eoiasee cans weren't you? 

A Yes. 


Q And I take it that after | 
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1 that, you saw very quickly that the critical factor in 
2 planning your route was going to be the necessity to | 
3 cross rivers and valleys. 

a A They are certainly a 

3 critical item on the route, yes. 


Q iL put 2eE to. you, that 
having assumed the other things, you want to come down 
the east side, that you want to go a straight line, 
that you want to avoid lakes and mountains, wouldn't 
it be fair to.say that they become the most critical 


4 


factor that lIad-- that may lead to a variation of the 





straight line? 
A i think that‘'soa fair 
assumption. | 
Q Yes, and I therefore 


suggest to you that looking back on it and leaving 


out the consultants and the socio-economists for a 
moment, your exercise was really to try» from Ricenans 
and the other information you had, to select at each 
location,the best river crossing or valley crossing 
that you could. 

A Bearing in mind the 
other things that we've talked about, including the 
straight line. 

Q Yes, and that then when 
you had selected the best river crossing or valley 


crossing at each location, I don't want to over-simplify 
it, but wouldn't it in engineering term become a | 


question of joining the dots? | 


| 


A Well, you would look at 
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i that and try to deviate from a straight line as little 
2 as possible, yes. 

3 Q Yes, but having selected 
4 the crossings that are in as close to a straight line 
“) 


as you can, and as good as you can get them, then you 
simply join up the lines. Wouldn't that be fair, as 
a general principle? 

A You look at a straight 
line between these points and select the best route 


between them. : 





Q Yes, and I take it that 


| 
having done that, you were forced, from time to time, | 
to go over all kinds of terrain that Dr. Mollard had | 
typed for you. | 
A We probably crossed most | 

of the terrain types, if not all that he has classified, 
yes. 


Q I suggest to you that 


with the exception of the highest mountains, you 





probably crossed every little design ation that he 
set out on his terrain type, that's very likely, isn't 
ce? 
A It's quite probable, ‘yes. 
Q And I take it therefore 
that when you have selected the river crossings and 
the valley crossings and drawn as straight a line as 
you can, . with those considerations in mind, you 'r 
really saying that, "Our engineers are confident that," 
-- and perhaps there is every reason why they should 


| 
be, we haven't come to them yet -- "Our engineers are | 
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c Cross-Exam by Scott 
1 confident that the terrain difficulties that may be | 
fe encountered on this straight line approach can be 
3 resolved by design." 
4 A I would say that they | 
=, can be resolved either by design or re-location,if you | 
6 | happen to find something that definitely would indicate 
7 that re-location is the best approach. 
8. QO But in confronting the 


problem of building a pipeline and drawing the prelim- 
inary lines, there were really two ways to avoid 
problems: One is routing, and one is design; isn't tha 


correct? 















re bee oe 
et tents Fis - 
. . Jd00e yd moxd~ewoet: ny re * a 
; all = ® s 


; : . . i 
ed yom jott asttivoiib ghar ert tadd tnebitnoo | 


. ed aso doséxegqs onil Siptsuse ety oo betednuoots 
| “ abiesh gf bevloasz 
yeds dads yse Bluowl 4 


hey ti,nodtacel-sx to Mplesb yd sedtie bevicoest ed aad 


es6ecibani bluow yes nits Jers eiluicamos, bast eo? neqged 


Jirpetges Jaed orld of dotyacol<ex dafa 


eit pattaoitnoo as I88 0 


-<mifexq oiy ontwath bas eniteaiq » patblivd 30 maidozg 


Sicvs o¢ eyew oWd ullesar Stew steda ,aenti yiant 


sda g'’aex inapteeb =) eno hos ypnigves ak @nO saenisldoxg 


FIoewz089 











— 






. 
ont 


2 rie ae & mM 


S 
‘® 


20:73 
ALLWEST REPORTING L-TD. 
BURNABY zy ince. — 
Dau,Williams ,Mollard,Watson 
Cross-Exam by Scott 





A Well, they're used in com+ 
bination. | | 
Q Right, but I put it to 
you that an examination of these maps and the fact that 
they cross a great variety of terrain illustrates that 
the design solution is the solution that is going to 
be called for. | 


A I'm not sure I understand 


that. 





Q Well, you would agree es 
me, wouldn't you, that when the work was done, all | 
things considered, your prime route turned out to be | 
pretty straight. 
A Yes. | 
Q And notwithstanding its | 





straightness, it crosses all kinds of terrain, from 
hills and valleys to bogs and rivers and even small 


lakes and so on. 





A It crosses most terrains, 
yes. 

Q And that really you inten 
to meet those problems by engineering and design. 

A 2c. 

Q And wouldn't it be fair 
to say then that the route was selected -- excuse me, 
let me begin again -- leave aside the input from your 
environmentalists, wouldn't it be fair to say that 
the route was selected on a straight line method, it 
being understood that design would be able to take 


Care of most, if not all ofthe terrain features 
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that were encountered. 
A No. The linge, as you 


pointed out at the start, isn't a straight line. 





Q No, but it’s -- I put it 


to you that where it is not a straight line, it is not 
a straight line because of the river crossings, prim- 
arily, or valley crossings. | 

A That is one of the | 
reasons for deviating from a straight line. There 
are others. 

Q All right, let me put 
this to you. Having selected the river and valley 


crossings, having joined up the lines, having crossed 


all kinds of terrain, I put it to you that at that 
point you have as straight a line as you can get. 

A Yes. 

Q And that thereafter any 


solutions are going to be primarily design solutions. 





A Well, I would think that 





that is probably true, unless it is determined that 
it is better to re-locate than*to’desrgn” for“it, 

end detail design. This is a pltse of detailed design 
that we will be getting into. 

Q All right, let me leave 
that and ask Mr. Dau something. Mr. Dau, in the 
beginning you told us that -- and I think I have it 
correctly --- that it was your function to make recom- 
mendations on routing to Arctic Gas, but it was their | 
decision. 


WITNESS DAU: Yes. 
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1 Q Yes.,..and, d, take it. that | 

P the recommendations you made to them were the best 

3 engineering and professional recommendations that you | 

4 could make. | 

5 A Yes. | 
Q That question wasn't 

hard to answer. | 

A That was easy to answer. 
Q Did Arctic Gas act on 


all your recommendations. as to routing? 


A i think. « tried to 
discuss that point yesterday or the day before, in that 
at the time of the merger there were two routes that 
had been selected at that stage this panel represented 
Williams Brothers Canada Limited for the Northwest 
project. There was another group that represented Gas | 
Arctic Systems, who had selected a slightly different 
route. I think I tried to explain that in some . 


instances Northern Engineering did not go back and re- 


do -- 





Q Yes, I understand. 


zA -- the work that had previ 
ously been done. We examined the route that had been 
selected and concurred in its location. In that sense 
we did not do -- we initially did not select all of 


the route that you're talking about. 


stand that precisely. At a certain stage, Williams 


Q Let me see if I under- | 
Brothers had been responsible for route selection, ana 


you did not re-do their work; you simply reviewed it 
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1 and concurred in the route that they selected. 
2 A And I'm quite sure, and | 
3 I can't point to this specific instance, we came up 

4 with some recommendations for minor changes. 
5 Q AliMritgne, but in “any | 
6 | event you made a recommendation to Arctic Gas to | 
| the new consortium, to accept that route. 

: A Yes sir. | 
4 Q All right. Now what I'm 
10 asking you is, in the barrel of routing recommendations 
11 you made to your client, have you ever been turned down 
12 on a routing recommendation? Now if you aren't 
13 able to answer that precisely, maybe Mr. Marshall can 


because I want to know what the recommendation was that 
was turned down. 
A I can't specifically give 
you an example that we said, "You should locate it 
here," and they said, "No, we want it here." I'm. not 
aware of any of that type of a rejection of a recommen- 


dation. 


Q I take it that you would 





have records of the recommendations you made on routing}. 
A They exist as working 

paper documents. in working copies of alignment sheets. 

If I could back up, sir, this also has to be in the 


context of delivery locations. For instance, if the 





delivery location in Alberta,at one particular time was 
-- I can recall one that was at a location called 
Gold Creek, and at that particular instance we had a 


{ 


route that was west of Camsell Bend. That resulted in 
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recommendation of a certain line,as delivery location 


changed we kept, you know, we had to move the section | 
of line. 


Q Yes, but in that case 


| 
| 


the new location of the line to take account of the new) 


you would make a recommendation to your client as to 


delivery station. 
A That is correct, yes. 
Q Now what I'm asking, your 


counsel I suppose, is for a list and details of 





any recommendations with respect to routing made by 

your company which were modified or refused by your 
client. I understand that you mightn't have that here. 
Well now, Mr. Dau, your evidence,in its written form | 
and your evidence before the tribunal indicates that | 
I think in 1972,perhaps a little earlier,you hired a : 
number of environmental consultants, to give you advice. 


A Yes, I'm not just positive 





of that date, I think some were working for us prior 
to that time, but yes, essentially. 

O, aif any socio-economic 
consultants were advising they weren't hired by you. 

A That is correct. 

Q Well now, your evidence 
also indicates that when they were hired, they were 


givena copy of the route that was proposed. 


A Yes. 


Q And they were asked to 
? 


, do work, I presume, to determine the environmental im- 


pact of that particular route. 
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A Their first assignment 
was to gather data. 

Q Yess 

A Obviously. 

Q All right. Now have you 
a copy of the route that you gave them? Or can your 
counsel in due course provide that? I don't need it 
today but I would like to see the route that was 
given to the consultants when they were asked to 
gather data. 

A I'm not sure. That's 
again a lot of work paper information; if we have Pie 
Obviously, yes, but -- 

MR. MARSHALL: Perhaps I can 
be of some assistance, Mr. Scott. The various consult- 
ants, take for example the environmental consultants, 
working in different areas were retained to do work 
at various times, and obviously their first assignment 
was to concentrate on the gathering of base line 
data. They were provided with information as to route 
location as it then existed, and were continually 


kept up to date as revisions were being made in the 


routing. So they would have received copies of routing 


changes made from the time they first started through 
the evolution of the route, if you like to call it. 
MR. SCOTT: Well, perhaps, Mr. 
Commissioner, I'm sure this is within the power of my 
friend, he can provide for me at least initially the 
routing information or drawing -- the evidence of MR. 


Dau says a copy of the route that was given to the 


Dau,Williams,Mollard,Wats 
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consultants when they were retained, and I will under- 
stand that they would have been given subsequent anfor-'| 
mation when route changes were decided upon. | 

MR. MARSHALL: Which of the | 
consultants? Do you mean all of the consultants? Welre| 
talking about a period of many years and many different 
consultants. Tf you likey Mrorscott swE*m surecvyou | 
could accompany me to Northern Engineering's offices 
and we could give you -- 

MR. SCOTT: Not a chance. 

MR. MARSHALL: -- we could 
show you all the documentation as to changes in 
route in the very early days of this right through. 
It seems to me that you perhaps don't appreciate the 
volume of paper that you've been asking for. 
Now if you want to get more 


specific about it, if for example you want information 


as to the route at the time the envirpnmentalists were 
being asked to come to the April '73 meeting, that 


is a fairly easy document to put together for you. 


MR. SCOTT: Well -- 

MR. MARSHALL: I can certainly 
give you all the rest if you like, but it will take 
some time. 

MRieSCOTT: en~iperhaps , 1Mr; 
Commissioner, my friend and I could resolve it this 
way, I could prepare, if advised, a list of the 


consultants with which we're concerned, and ask him 





to let me know the route information that was provided 


to them; and secondly, I gratefully accept his offer 
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1 to produce the routing information that was given to 

2 the environmentalists who came to the April seminar. 

3 Perhaps that can be done without taking time of the 

4 Inquiry. 

) Q Well now, I take -- I'm 

6 SOrry. | 
7 THE COMMISSIONER: You can 

8 provide that, can you, Mr. Marshall? 

9 MR. MARSHALL: Sir, we 

10 certainly -- my understanding is,we certainly can 

11 provide the routing information that was given to the 
12 environmental and other consultants for purposes of 
13 the April 1973 week long meeting that dealt with route.' 
14 That can be provided, I believe, next week. | 
15 With respect to the other | 
16 information, I gather Mr. Scott will give me a list | 
1? of specific consultants and I'll endeavor to dig up 

18 information as to the routing information given to 
19 those various consultants, the time they were first 
20 retained, and thereafter. 
21 THE COMMISSIONER: Yes. 

22 MR. SCOTT: Q Well now, Mr. 

23 Dau, I take it that while you obviously saw consultants 
24 before and you've seen them after, the meeting in April 
25 of 1973 was a key event in terms of environmental and 
26 socio-economic input to the route. 

27 A Yes. | 
28 Q And I understand that fare 
29 are minutes, indeed a transcript of that meeting. 

30 
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sir, yes. 
SCOTT: I wonder if Mr. Marshall 
can produce that? 
MR. MARSHALL: Mr. Scott, ee aee! 


is a transcript of the meeting and the follow-up meet- 





ing that was held later on, and we can make available | 
for your nétghttime reading, about six inches, I thank, , 
of material that I'm surewill fascinate you. | 
MR. SCOLT +, Im. pust;going. to 
pass it on to somebody else to read, so it won't be 
any problem; but I raise that, Mr. Commissioner, be- 
cause it was listed on the Environment Protection 
Board's documents but was not intended to be released 
without the permission of the company, but I'm glad 


that -- | 





MR. MARSHALL: Well, that's 
perhaps my responsibility, Mr. Scott. It seems to me 
that wasn't a report or a study but we don't object 
to producing that information to you. 


MR. SCOTT: Thank you. 
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4 Q And I take it, Mr. 

2 Dau, that, as you have indicated in your evidence, 

3 that at that meeting and thereafter there were in 

4 your judgment some envionmental modifications made 
5 to the route? 

6 A Yess | 
U Q And I take it that on | 
8. or after that date there were also some location 

9 modifications dictated by your bore hole analysis as 


10 it proceeded and the physical obstacles that you 








11 confronted in the route? 

Le A Yes, I am sure that there 
13 were refinements after that date. 

1 Q Yes, and I take it that 
15 it is clear that there were location modifications 


16 that were suggested by design changes and the Fort | 


= Simpson route change is perhaps the best example. 

18 A Yes. : 

19 Q Yes, and in the fourth 

20 Category there were location modifications that are 

21 suggested, if I could put it this way, by pure econom- 
ae ics and the cross-delta proposal is perhaps the 

a best example of that? 

an MR. MARSHAEL: Well that may 

2 be an argument you wish to advance, Mr. Scott. We 

an will call some evidence on that. | 
atl MR. SCOTT: Well, let me put it 
8 this way, is there anything else that dictates the | 
a7 cross-delta change except economics? | 
30 | 


A Yes. I believe it is a 
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more secure system in the sense that it has less miles 
of pipe. Now, that perhaps you could relate to econom- 
ics also. 

Q I would not have any 
doubt about that, would you, Mr. Dau, that the security 
of supply is from the point of view of the people 
who are going Ee own it and use it, an economic ques- 
tion. 

A Well, I agree with you, 

I just wanted to make sure that you understood that 
it was not just capital dollars -- 

Q Oh no, but in the context 
of that answer, that security of supply may be an 
economic question, would you agree with me that that 
proposal is dictated exclusively by economic consider- 
ations -- I am not downgrading it, I am simply saying - 

A I undersand -- I agree. 

Q Yes. A 

Well, now I notice and I do 
not quite understand this that there have been some 
route locations down near where the highway is either 
going or supposed to go. There have been some route 
location changes of a relatively minor type compered 
to the cross-delta and the Fort Simpson. 

A I do not understand, sir, 
in what time frame -- 

: Q Well, since 1973 -- 
what I am trying to get at, Mr. Dau, is that in the 


last few years you have made two -- including the 





| 
| 


cross-delta route -- you have made two very substantial 
| 








xadaer ole ri Jud 


- potyaa yigera te 2 


vsiwoee sift tas .0nd .2M yoy Bivew tend Sieds tduob 


glqueg oa to sv to (enleg sctt: mip’ ai ylqque 30 
-seup pincngss as . tt eeu bre 21 awe of gabop ets of 
«mols 


f ¥ 


og deliv sets 1 fier AY 


told bnosetsinw oby Jatt gave edasret? betnew tant I 
-= aveliod fethysao taut gom eaw tL 
, il FO ) 
no ad ysty ylggen to yaitseome tefa, sewenn teil )/To 
ted? Sega om Weiiw @6%55 avg bivow ,Mettesvp oimongse 
—rebletos otatorose yc ylevialoxe Betegekh ef Iseoqoig 
a) wetisapa@ed 294 me 2 ~- eankss 
.outps I + Brawyvobov f K | Ke 
oe 
ob 1 tne etiton T won , Lew 
amos esd Sved svat tant eidt Basterobay etinp ton 
xefgis ai yswivid ody-sxerlW téan mupbrenotiscol savor 
Ssji0% BNOe asad avait: evi? sepa Ridebagee ‘30 patop 
hsiegnOd ogys Tonia yleyitslor 2 30 mapa, notsaool 
0) apes: avert 249 bas e9%sb-99079 sty 02 
sxhe ee ae rou “OS fered Miged 


icapevnge) 


. 


aay 





me is teu eee ate eee 


: maa - — 


nie _ = : 


























7) 


iF 


ALLWEST REPORTING LTD. Dau, Williams 2084 





arr ee a ea Mollard, Watson 


Cross-Exam by Scott 


changes, that is the cross-delta, assuming you 





make it,and the Fort Simpson. 

A Yes. 

Q And both of them we agree 
are dictated by either economics or design. 

A Yes. 

Q Yes, and indeed looked 


at in one way they have changed the prime route by al- 


most half. 
A You are referring to 
miles? 
Q Yes. 
nN That could be, I do not ae 
Q 16S | == 
A It would be close to 


that I would suspect -- 


Q Yes, and both of those | 
changes if they are carried forward, if they are: 


decided on, will, I take it, lead to an amendment of 





your filing. both with the Minister and the National 
Energy Board -- indeed the Fort Simpson Route change 
has produced an amendment to your filing. 

A Yes, that is my under- 
standing. 

Q But I understand that as 
a matterof practice, there are route changes that have 
been made of a much more modest variety -- you go 
around a hill or something of that type --? 


A I am sure that that is 


correct, sir -- 
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: Q Yes, yes -- 

: A -- that is a continuing 

~ process to attempt to improve the location of the 

: line. 

4 Q Yes. I take it that as 

6! a matter of practice, those Seas changes of that 

t minor variety which may only be several miles do not 

a lead to an amendment to yaur filing ? 

4 A I am having trouble with 
the "several miles". You are referring not to a lateral 
<= movement but to a relocation of several miles of route? 
sia Q What I am getting at, 
~ Mr. Dau, is that I understand and I think there is no 
My doubt about this, that since your filing, of the 
oi alignment sheets, you have made two major changes, 
= one of which at least has produced an amendment or- 
al proposed amendment? 
~ A Yes. 

“iQ You have also made a 
number of other changes for which -- and I am not 
criticizing it -- for which you have not filed amend- 
ments? 

A Yes. 
Q Yes. 


And I take it that there will 
be more minor changes of that type for which it is not 
required in your judgment to file amendments. 

A Yes. 

Q How do you distinguish 


betwean a route change for which you file an amendment 














ee 


he oe 


—-- gay ,neaY 9 
ertivaisacs & ai tRaF == & 
sii to noitecol aft svoxrgmii oF tdamed2n oF sascorg 


-oail 


ted} to esprsano ae007 etett ,soitnarzq to ze¢3em 5 
jan oS aslon (sreveea od yieo yem doidw yieitevy sonia 


S wills xsuev o9 Jaemkrema as of Ssal 


fitiw siduori! erlveadh mea 4 A 
[étode)] 6 a9 fod patiyetes ote oY ."selim Favavee’ add 
Tasvot to eelim isseves to moltsnoist 6 oF Sud tJnemaevom 

.J6 patszep as T tedw ) 


on ef start Amid? I bos basteashac I gef? at .uad . 2M 
eit to .pailit tyey sonis taadd ,aidt dvods tduob 
.Fepneio sofa ows obsm evar voy ,ateote staomapils 
to tnsmbtiems cas bssubouiq asd tasel te dofdw 3o eno 
| {tnembaems beeogoug 

» BOY A 

6 sbsm oals sven sox 9 
ton m6 I bas -- doidw 20% sepnsdo szedzo to zedmin 
-bnoms fslit ton sved woy doidw 20% -~ Jf paistotsiao 


Setnom 


. 69¥ Q 

fliw ered? Jedd Ji stAst I OaA 
toa ai ti doidw +o egy? ted’ to aepnsda zonim exom od 
-sinombroms slit of tnompbhut roy al beartupor 
-aeY A 
datupnitetS soy of wor 9 
Seremban 5 Peat ioidw x0ot opasds ates s nmowied 


a 
a a 
- 4 hoe oe ‘7 





aoe iy 





ALLWEST REPORTING L.TD, P . 
BURNABY 2, B.C. Dau, williams 2086 





Mollard, Watson 

Cross-Exam by Scott 
1 and a route change for which you do not?) | 
2 I am curious, I mean, there is no point in this ;” I | 
3 just want to find out why. 
4 A In my view, sir, I 
5 


would attempt to define it as a minor or major route 
change and in my judgment a minor route change is 

a change that is probably on the order of hundreds 

of feet in lateral movement, except for a case that I 
tried to explain previously, of a relocation of 

a highway that ceused us to have to relocate the 
pipeline for some considerable distance because the 
highway relocation had removed all of the area available 
to us on one side of the highway. The example that I 
used I believe was the highway near the Mackenzie 
River. We were between the two, the highway moved, 
there was not enough room for us, we therefore had 


to cross the highway and that could be -- it still may | 





be a minor change, but it could involve several miles 
of pipeline route. 
Q It does not -- or it 


did not produce an amendment to your filing ? 
A I would think it would 


not, sir. 


Q Would this be a reasona- 
bly practical working definition, that you do not 

amend your filing if,generally speaking, the route 
change can be shown on the alignment sheets that you 
have filed, that is, if it is within the ambit of the 


alignment sheets? 


A That seems reasonable 
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1 to me, sir. 

2 Q Yes, but that on the other 
3 hand when a route change goes off the alignment sheets, 

4 then you have got to file them? 

5 A I would think that you 

6 would have to fik that information, yes, sir. 


Q Well, now, you have 
been good enough to tell us about the Fort Simpson 
route change and I understand that that was working 
its way up to the surface for about a year? 

A Yes, sir. 

Q Yes, you told us on the 
other hand that the Mackenzie Delta cross route .: 

I think has been working its way a little more 


Slowly, perhaps for about a year and a half. 








A Yes, sir. ‘ | 

Q Yes. Have you any more 
at home like that? 

A No, sir. 

Q There are no more major 


route changes in the works? 


A Not to my knowledge, 
sir. 

Q All right. 

WITNESS WILLIAMS: 

A Mey. Scott ,~acan ad oust 
clear up -- I think there is a mis understanding here 
that -- after the April 1973 meeting, when several 


relocations were made for environmental purposes, we 


took the opportunity at that time to make some other 
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changes that we wanted to make for geotechnical pur- 
poses and this then ended up in the route that was 
filed. -- And we have not put forwatd any changes 
in that route officially since that time except for the 
two major ones that you are speaking of. 

Now, we have, in testimony, 
talked about the possible change at the Great Bear 
River and the work that is going on there, but in 
house we have not made any changes since the filing. 

Q No, but you do not 
disagree, I take it, Mr. WIlliams, with Mr. Dau's 
general rule about the kind of change that produces 
the filing change and the kind of route change that 
does not? 

A I think I would agree with 
what he’ said. 

Q Yes, well now, I take 
it that any route change, no matter how minor, requires 
a certain work up period. Is that not so? 

WITNESS DAU: 

A Yes. 

Q And that is required, 

So you can see whether in engineering and economic 
terms it is feasible? 

A Yes. 

Q _ Well, now, what I am 
concerned about is, are there changes that would mt 
produce filing changes, presently in the works that will 
lead to deviations on the alignment sheet? 


A ONly with respect to our 
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1 continuing investigations at river crossings. I 

: think that would be the only case that I would be a- 
. ware of. 

? Q. . Yes -- 

S A If in fact we do some 


drilling, for instance, at Ebbutt Hills in the next 
few months, we might have a minor relocation there. 

Q yes -- 

A That type of a thing -- 

Q I am going to ask your 
counsel and I am sure that he will agree to not hold 
us in suspense until the route -- the minor route 
location is final, but to let us know as these matters 


come -- begin to surface in your company. Ys there any 





objection to that, Mr. Marshall? 
MR. MARSHALL: No, I do not 
think that there is any objection to that. We will 


ask Northern Engineering to keep us advised as route 





changes -- minor route changes are developed -- 

MR. SCOTT:With the object 
that when one is being worked up, even though it may 
never be adopted, or even proposed, you Wiki eLec 
at least Commission Counsel know for public purposes, 
that that proposa} is in the works so that we will 
not all be taken by surprise. 

MR. MARSHALL: I am not 
prepared to go that far, Mr. Scott. 

MR. SCOTT: Why not? 

MR. MARSHALL: You are sugges 


ting that every time anyone in the organization thinks 
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of a possible change, works it out on a napkin at his 


lunch hour, that you want to be advised of that? 

MR. SCOTT: No, no -- obviously 
a lot of that goes on. I would be content, Mr. 
Commissioner, if my friend were able to let me know 
when Northern Ermineering,as an entity,begins to take 
seriously and begins to evaluate a scribbling that has 
originally appeared on a napkin. -- So that the 
evaluation process that the participants must be 
engaged in will be able to begin at about the -- 
roughly the same time as the evaluation process that 
the engineers are engaged in. That is not difficult, 
is it, Mr. Marshall? 

MR. MARSHALL: It is a ques- 
tion of a judgment call, Mr. Scott. We will do our 
best. 


MR. SCOTT: Thank you very 


much-- 

MR. MARSHALL: I agree with 
the principle that is something is seriously under 
consideration as a routing change, dite Beene out 
to be. given to the INquiry and indeed that is what 
we have attempted to do with more major route re- 
locations and with respect to minor ones, we can do 


that and will let you know from time to time should 


any of these develop. 
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ALLWEST REPORTING L-TD. 2091 


BURNABY 2, B.C. Dau,Williams,Mollard, Watson 
Cross-Exam by Scott 





1 

| 
2 WITNESS WILLIAMS: Mr. Scott, | 
3 can I clear up one further point with respect to 
4 Mr. Watson's testimony? I really wasn't satisfied wath 
3 the way it was left. I don't know if he was given an 


Opportunity to proceed farther. 
Q I moved right along, Mr. 


Williams. Go ahead, please. 





A He ended up with your 
analysis that picking off the key points such as river 
Crossings and lakes and what-not, the procedure used 
by people selecting the line between those points | 
is to have a stereoscope and the stereo pairs in 
front of him, along with the terrain typing of Dr. | 
Mollard, and when he selects the route between these | 
three points, he certainly does take into account. the 
informtion supplied by Dr; Mollard. 

Q I didn't -- so that 
there is no doubt, Mr. Commissioner, I didn't intend 
to suggest that Mr. Watson or any people on the staff 
would not have that before them, and indeed any drill 
holes that were available at that time. 

A I just didn't think it 
had come out that way. 

Q Mr. Dau, on page No. 7 
of your evidence , and I refer to it there just because 
it's convenient, you list the factors that led to 
adjustments from the base economic line and I'll just 
read it to you because I think it's shorter: 


"In the Assessment Group's report at page 161 
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Cross-Exam by Scott 





they list a number of other factors," 


and lave you got it there? 





A One moment, sir. 

Page 161? | 
Q P62, Chapter. as 
A Yes. 


Q And they list there 
seven factors, perhaps we don't have to read them, they’ 


run from: 





"Fishing, hunting, trapping and camping areas," 
down to 

"critical habitat for mammals, birds and fish." 
I'd ask yau to read those to yourself and I ask you 
Whether you agree that those are all factors which 
should be considered in the process of route selection | 
and given due weight, whatever that may be? | 


A I agree,yes. 





Q Did you have advisors 
who were able to give you advice with respect to each 
of the matters that is listed at page 161 of the 


Assessment Group's Report? 


A Yes, we did, and unfortu 
ately the advisors aren't neatly broken down into 
those particular sections, obviously some of our 
environmental advisors would cover several areas. 

Q, I simply wished to 


ascertain that. 





A yes. 
Q And certainly having 


heard that, that their evidence ‘will be called. 
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1 A I think I previously 

2 mentioned, they were retained by our clients rather 

3 than by Northern itself. 

4 Q Well now let me come to 
) this environmental factor, and I want to deal with it. 


if we can, as a matter of principle and zero in on 
one or two examples so we can see how it works. 

Now in your evidence you have 
Baidre=' lican!t) putymy:£inger.on it right now -- that 
the m ajor environmental change was the determination 
by your company to recommend to Arctic Gas that you 
should go around the Travaillant Lake mammal and fish 
area. 

A That was the major 
change resulting from environmental concerns. 

Q Yes, and I think yoy've 
also said that that -- that your consultants were 
virtually unanimous in recommending that change to 
you. 

A That's my recollection. 

Q Yes. Well, I just want 
to see how it works. When you had this unanimous 
recommendation, what other factors did you take into 
consideration in determining whether you should act 
ont? 

A My recollection, sir, is 
that that was discussed ees ai aeecae detail in the 
April meeting. I recall that there were -- there 
was a further meeting in the evening where all view- 


points were expressed, the route lengths were scaled, 
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1 the consideration for construction difficulties, the | 
2 length of line, and that type of thing, all of those : 
3 had an input into the route that is now selected. | 
a It was not done in an isolated view from an environ- | 
5) mental view only. | 
6 | Q Well, let me put it to | 
7 you this way. In that case and perhaps it's the | 
8. unique example, you had a substantial environmental | 
9 interest in changing the route. 

10 A Yes. 

11 Q They were all lined 

12 up against the economists, if I can put it that way. 

13 Wouldn't that be fair? | 

14 A That's probably fair. | 

15 Q All right, and it would | 
16 be apparent from the fact that that proposal was going | 
17 to add to the cost of the line because you had to go | 

18 out of your way. 

19 A No question about that, 

20 sir. 

21 Q All right, well how did 
22 you decide that question? Here you have the environ- 

23 mentalists unanimous and you know that if you give 

24 in it's going to cost you money. How did you decide 

2 that? 

26 A That was the decision -- 
27 or let me back up -- the meeting I'm referring to, 

28 which was a meeting in the evening, weighed all the 

29 factors and the client, Canadian Arctic Gas, was 

30 


present at that meeting, and the next day as I remember, 
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Cross-Exam by Scott 
there was a proposal on a new route, which is the one | 
| 


you now see, that had again my understanding, unanimous 


| 


approval of the environmentalists concerned, Northern 
Engineering, and CAGL staff members, at which time 


that recommendation by all was accepted by CAGL. | 


Q Well, did your firm 
make any recommendation to CAGL as a result of what 
the environmentalists told you? | 

A Yes, we were a party to 
that decision where this selected route that you now | 
have was recommended., I believe the next morning, to | 
CAGL. 

Q Buteclutake it. that you —— 
or let me put it this way -- did you have any role | 
in determining whether the costs that would be 
involved outweighed the environmental concerns? 

Aysed NO. | 

Q So would it be correct | 


to say that your recommendation then was simply based 


on the environmentalists' concern? | 





A Yes, I think that's fair. 
Q In other words, it was 
your responsibility, if you judged it appropriate, to 


make a recommendation to Arctic Gas, taking into 


account the environmantalists' concern. 
A That's correct, yes. 
Q And I take it it's 


obvious that Arctic Gas acted on that. 
A That's correct. 


Q Titake.ct itiae.also 
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1 obvious, is it not, that there was (as far as you know) | 
2 no environmental recommendation that you made that | 
3 was turned down by Arctic Gas? 
4 A NO-srr: | 
5 Q So wouldn't it be correct 
6 | to say in most practical terms that ya were the judge | 
7 of whether, as best you could, as to whether the 
8. environmentalists should have their way or not? And 
9 that your judgment would lead to a recommendation to 
10 Arctic Gas. 
il A I can't recall an | 
12 instance where -- perhaps I could explain, which I 
13 believe I referred to the Arctic coastal plain. | 
14 Q We're coming to that, 
a because that's another interesting example. I just wonder 
| 
ae if we can deal with this. The point I'm trying to -make | 
-— to you is, you have a proposed change, the environmen- | 
ue talists on one side, and dollars are on the other. | 
19 A Yes. 
a Q That “s ‘obvious In this case. 
a A Yes’. 
ae Q Now when you made a 
a recommendation to Arctic Gas, did you consider the 
le dollar question, or did you say, "Well, that's Arctic 
a Gas' business alone"? 
a AU No, we had to consider 
od the dollar question, obviously, because the first ques- 
a tion we would have been asked is, "What is the diffrence 
ai in cost?" 
30 


Q All’ rignt.’ Well ,woula 
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Cross-Exam by SCOLE 


it be correct to say, then, that you heard out the 
environmentalists and you made a judgment weighing the | 
environmental interest against the dollar interest, 
and made a recommendation to Arctic Gas? 

A Yes, I would have to 
answer that yes. 

Q Well, that seems to me 
a very difficult thing to do. Did you have any direction 


from Arctic Gas, or did you prepare for yourself any 


scale of priorities which would enable you to make | 





this judgment? 
A We did not prepare a 


scale of priorities. 
| 

| 

Q It's rather like comparing 


apples and oranges, isn't it? | 
A it (Sure: is% 
Q Well now, can you give 
us any help at all as to how you made that decision? | 
I wouldn't know how to begin. How did you begin? 
A Can I go back to the | 
Suggestion I was going to come up with, which is the 
along the Arctic coastal plain, where there are concern 
about being close to the mountain or being close to the 
coast? Obviously that type of a discussion went on 
at length with the various consultants and I guess the 
only help I can give you is that the compromise solu- 
tion by choosing what is essentially the middle ground 


is the only way I can respond to you. Now, in that 





particular instance I'm sure that the costs involved 


were not , you know, real large numbers; as I recall, 
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1 the differences in route lengths between the two 

2 extremes compared to the middle, you know, there's 

3 not 100% difference in route length, something like 

4 that. 

2 Q Well, let's pass onto 

6 the north shore, because I think that's an interesting 
7 example. I'm going to ask your counsel not today but 


8 in due course to let me have a drawing of the proposed 





9 route along the north shore prior to the April 1973 

10 Meeting, and I take it the contest there was between 
ll the caribou people and the bird people. 

12 A Yes sir. 

13 Q And the competing inter- 


14 ests were many and varied,were they not? | 
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A In what sense? 

Q Well, caribou is important 
because it feeds people. 

A Ves. 

Q Yes. Endangered species 


of small fowl are important because they may be among 
the only colonies of those birds that exist in the 
world. 

A Yes. 

Q Yes. How did you measure 
those two competing interests off against each other? 

A I -was going to respond 
by saying"with difficulty", but it is a -- 

Q I suggest to you, Mr. 
Dau, that it was impossible. 

A Yes, it is a compromise. 
There is no way that I could put a value on a peregrine 
faicon,-- I obviously cannot. ‘ 

Q Yes, it is impossible, 


is it not? 


A That is correct, yes. 
Q You were asked to make 
an impossible judgment. -- And you were not even an 


expert in the field. I am not criticizing you, I 
am simply outlining the problem, is that not so? 

A Thattis.ccorrecty 

Q ; Yes, and you were given 
and had no scale of values of priorities that could be 


attached to any of these considerations. 


A I have no such scale of 
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values, no, sir. 

Q You wre about as useful | 
in ).that situation as a lawyer would be, is that not | 
so? 

A Do I have tO respond to | 
that? | 

(LAUGHTER) 

MR. MARSHALL: I was going to 
suggest that Commissioner Counsel stop insulting the 
witness. 

(LAUGHTER) 


MR. SCOTT: Leaving personal- 


ities aside, Mr. Dau, that would be fair, would it 


not? 
A That would probably be 





fain,f® sbri. 


Q Yes, and your client 





Arctic Gas was unable or did not give you any scale 


such as that to assist you? 


A I received no such ins- 


tructions. 


Q Did you give any 


consideration to using the values that are used by 


various American institutions and boards to scale 
priorities? 

A Not to my knowledge, 
sir. 

Q -- As among environmenta 
concerns? 

A NOt to my knowledge, As 
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1 Q No. Did you establish 
2 a board of independent assessors made up af wildlife 
3 } 


people to determine these disputes between‘the caribou 














‘ people and the bird people? 
3 A No; Sir: 
S| Q And I take it in this | 
almost impossible example on the northshore, in the 
8. end,both the caribou people and the bird people 
: were furious at the result? 
10 A I think that might be 
- too strong, sir -- I -- 
he Q Were very upset -- 
13 A Yes, that is probably | 
ns true. 
15 Q Yes, and is this not the 
‘a kind of thing that happened to you with fair regularity, 
a? the environmentalists each with their own particular | 
he areas of concern, were unable to resolve their differen-' 
i ces because they had different areas of concern and 
“ you were forced to mediate or make compromises or 
oi just strike a decision to have done with tt? 
ae A That ‘isecorrect. 
os Q Yes. And I put it -- 
as it is obvious -- that in many instances that satis- 
oa fied nobody. 
a6 A ; teamrnoet sure of that, 
- sir, because there are further things that can be 
a done. First, with respect to the construction and 
= operation of a section of pipe rather than compressor 
a6 


stations -- 
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Q IfaM"SOrry, 2. should 
have referred to that in fairness to you. You say that 
route selection is only one of the things -- that 
there are design and operation features that may 
ameliorate the tga on birds and caribou and so 
on -- 

A And construction 
scheduling -- 

Yes —— 

A -- and so on. There are 
other factors that must be considered. 

Q But I take it that in 
thia environmental meeting, you were either babes in 
the woods or Alice in Wonderland,in terms of having 
any guideline with which to make a decision? 

A We received no guidelines 


from the client or anyone, sir. 


Q And you were unable 
to devise any? 
A That is correct. 
Q Well, now, in the course 


of thse hearings, we no doubt will be hearing from 
Many environmentalist and socio-economic people who 
will express their views about the impact of your 
pipeline and you expect that, do you not? 

Dy Pees, AP do. 

Q Yeg, and I take it that 
it is conceivable that you will hear much evidence 
that raises perhaps for the first time, environmental 


or socio-economic considerations, that notwithstanding 
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your efforts, have not come to your attention? 





A That is certainly possible, 
sir. 

Q And I take it that it is 
the posture of Norttern Engineering -- we will deal 


with Arctic Gas later, but we can only deal with 
Northern Engineering now -- it is the posture of 


NOrthern Engineering that it will listen carefully 





to these concerns? 


A We will. 
Q And that it will atempt t 


respond by way of devising solutions for them where 


possible? | 
A Yes, we have done that. | 
Q Yes, and you will con- | 
tinue to do that. 
A And will continue to do 
that, yes. 
Q And I take it that you 
will -- we don't want you to turn your whole work 





force upside down, but that you will attempt to 
devise solutions where possible for .these problems 
that are consistent with good engineering and good 


economic practice? 


A Yes, as long as you 
include the construction scheduling and the 


engineering function, yes. 


Q And as those things 





are done, if they are done, as I take your word for it, 


you will respond with those suggestions, alternatives, 
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and proposals to the Commission? 


A To the best Ian, sir. 
Q Yes). soothat: --evyust 
so that I will understand the situation -- as the | 
hearings proceed there will be -- you will be 


listening and will be respmnding where possible? 
A Les | 


MR. MARSHALL: Perhaps I 





can be of some assistance here. Certainly they will 
be provided with a copy of the transcript and I am 
sure that you will be hearing through Mr. Genest from 
time to time -- I am not sure what beyond that you are 
asking for, Mr. Scott. 

MR. SCOTT: Well, what 
I am suggesting -- I would not have thought that | 
there was any doubt about it as a matter of public | 
posture, that the applicant will listen to what is | 
said and will attempt as we go along to devise, either 
design or routing alternatives that will take account o 
the problems raised,without interferring unduly with 
economic or security considerations. 

MR. MARSHALL: I think that 
is so. 

MR. SCOTT: Very good. 

Well now, ioe me come to 
one other matter that I do not think I understand and 
that is about compressor stations, because I want to 
get some idea of the flexibility that is here and 


I understand that, to use the simplest example, which 


See 
$$$ eh 


is the one that always occurs to me, compressor 
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stations are like beads on a string -- spaced at 
predetermined intervals -- would that be correct? 
A Their spacing depends on 


some detailed mathematical calculations and can be 
very precise if you know the profile of the pipeline. 

Q Yes, and so they -- 
when the hydraulic calculations have been made with 
some very great precision you can determine not only 
where the compressor stations may be sited, but where 
they must be sited, for efficient operation? 

A That is correct. 

Q Yes. And. i think you 
told us the other day that if the strings tilted 
uphill there is a slight variation? 

A That is correct: 

Q The compressor stations 
generally speaking must move a little closer together? 

A ess 

Q And when the pipe is 
tilted downhill there is a slight variation -- they 
can be slightly further apart? 

A Yes, 

Q Now, I take it that the 
cross-delta route and the Simpson route are not 
-- if they are eee -- are not going to alter the 
location of the compressor stations that are shown in 
the valley? I put that -- 

A The compressor stations 
obviously -- on the cross-delta route -- cross-delta 


change involves a change in’the pipeline location 
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down to the Thunder River area and in that instance of 
course the stations move laterally From ThundewRiver 


to near Willow Lake -- Willow Lake River, the stations 


do not change.Because of the Fort Simpson change, the 





stations have moved laterally and of course are shown 

in the revision to the application, but the effect of 
| 

installing the cross-delta will not change those locations 


south of Thunder River. 


Q Well, let me ask you this, 
on the alignment sheets you showed us the other day the 
designation for compressor stations. 

A Yves: 

Q Are those compressor 


stations, bearing in mind the scale of the alignment 


sheet, precisely sited? 


A Bearing in mind 
the scale, yes -- No I am sorry, let me | 
back up -- I believe there had been some locations, that 





had been moved within the half mile we discussed 

earlier. IN other words, if the examination of a 
photograph with a stereoscope indicated that we were 
right in the middle of a lake, we moved them, obviously. | 


Q So would it be correct | 


to say that they are generally sited -- 
A Generally sited, sir. -- 
Q -- within a mile or two 
but not precisely sited? | 
A I am sure the locations 


are not the precise mathematical location, that is 





what I am trying to say.There has been some judgment 
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: used in examining the terrain to see whether a station 
‘ could be built at that location. | 
3 Q Well, now, the 
4 question that I was asking, we have the alignment 
° sheets for the central Mackenzie Valley. 
6 A Yest>— 
3 Q What I am asking is are | 
8. the amendments proposed at the delta, the cross-delta 
9 route and the Fort Simpson route change, going to | 
10 alter, if adopted, the placement of the compressor 
11 stations for the rest of the Valley as shown on the 
le alignment sheets. 
13 A No. 
14 Q Well, now, one other 
15 factor about flexibility. You told us the other day that 
16 “-- dealing with questions of movement of compressor 
stations -- that you could move one half a mile up - 
hill and did you say two miles downhill without 





endangering the hydraulic efficiency of the 


operation? 
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I can't put my finger on your evidence but I think you | 





dealt with it. 
A One moment, please. | 
Q I think you said upstream | 
and downstream rather than uphill and downhill. 
A Sir, I was quoting from | 
a response to question 16, in the responses to the | 


Assessment Group. 





Q Did I have the figures 
right? 

A That's just what I'm 
checking. 

Oh, I'm sorry. | 

A Well, sir, we give an | 
example of the effect of moving a station either half 
a mile upstreamor half a mile downstream, and I think 
the problem that comes about, I was trying to illus- 
trate that under certain circumstances; the movements 
could be more than that, and perhaps didn't explain it 
too well. The -- you have to visualize that the 
pressure level in the pipeline varies from 1,680 pounds 
discharge at the station to something on the order of 
perhaps a number of 1,400 pounds at the next station. 
Again I'm not being precisely correct, but for illus- 
traion you could then determine the pressure in the 
pipeline,above any point along the pipeline, between 
those two stations. It obviously decreases as it goes 


to the next station, and that has a certain Slope, that 





pressure gradient has a certain slope. Now if in fact 


the location of the downstream station is on terrain 
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that has essentially the same slope, you have more 
flexibility in moving, you could move it further. If 


te terrain at that station was at the same Slope as 





the pressure gradient, and I think off the top of 


my head I suggested that in that particular instance | 
you might be able to consider two miles, I'm not | 
| 


aware of such a location, I was using it as an example. 

I also said that when the | 
Converse was true, that you had a lot more trouble 
the half-mile was not appropriate. 

Q Yes. Well now, I take it 
that there's another restriction we should have out, 
and that is that if you already moved the compressor 
Station upstream, then you have no flexibility with 
respect to the one immediately -- 


A That's correct. | 


Q --ahead of it. 





And in that sense it's 
like beads on a string, each of which must be relative- 
ly speaking, a particular distance from each other. 

A Yes sir. 

Q Now you said in your 
evidence that there was no restriction on lateral 
transfer. Let me just ask about that because I was a 
little surprised by that answer, and perhaps you 


didn't intend it in that context. I take it in the first 





place the compressor station must be reasonably 
adjacent to the pipe. 
A sa thought I had cleared 


that up. I recognize the error. 
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Q fsnit that sor 
A Yes. 
Q You can't have it a couple 


of miles from the pipe, or can yau? 
A The illustration, or an 
illustration to demonstrate what I meant is the Fort 


Simpson change, for instance it involves several hundred 


1 


| 
miles of pipeline. We have the same number of stations, 


we didn't significantly change the length of the line | 
but we moved them all laterally. You obviously have | 
to move the pipeline every time you move the station 
laterally. 

Q So. in lateral movement 
the key is that the compressor station must be on the 
pipeline. 

A Yes sir. 

Q And the second restriction 
I take it, is that if your lateral movement increases | 
the length of the line substantially, you will have to 
put in or you may have to put in an additional compres- 
sor station. 

A That = situation could 
arise, or you would be required to change the location 


of several of the agjacent stations. 


Q Yes. Well now, you told 





us that the delta and the Simpson route change were 

developed over the last year, in one case, year anda 
half in the other. May I ask when, with respect to | 
both of them, when your socio-economic consultants 


went to work on those route changes? 
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A We do not have any socio- | 


economic consultants, sir. The information has been 





provided to CAGSL staff, and I would assume that they | 
have been aware of it. : 

Q Well, let me put this | 
to you. I understand that you don't retain the | 
socio-economic consultants. When did you let your 
environmental consultants know about these proposed 
route changes? 

A Perhaps Mr. Williams 
can respond to it in time frame better than I. 

WITNESS WILLIAMS: Well, with 
respect to the cross-delta routing, when the sttdy 
began seriously in the fall of 1973,the environmen- 
talists were made aware of it, very close to the same 
time, and they started on a literature search of 
possible difficulties in that area. 

With respect to the Fort 


Simpson re-alignment, which we said started -- my 


| 
| 
| 
mind's gone blank about dates, but they were advised 
at about the same time that we started studying it 
seriowly from an engineering aspect. 

Q And axa you take any 
steps to alert Arctic Gas to alert its socio-economic 
consultants that these changes were in the works? 

WITNESS DAU: Not specifically, 
Pedontt think ;esire 

Q You woudd agree with me 
that that would be important, wouldn't it, that they 


| 


Should get their socio-economic input in on those two 





IIis 





“O1508 yrs sveail ton ob aw A 
56 esti moixsomroget 4sdT sale ,@énestiuenséa oimon0se 
yar? 76d+ eatwess Sitow TF bae \23608 Jeo of bebivorg 
‘Ji Yo eave sesd over 

eit? duq ea Yof ,Llow 0 
od wissex S?oob wy 2ene Sreveyebas IT Woy og 
syoy 361 voy Bit ced e2aetivenoo oimonoos-osoos 
barogs29 geuvect tvodse Word etredivaeroo Lasnamnotivas 
Seserado stvort 

emeiiifsW .2¢ ageniad A 
1 wets. tatvied smaa3 it ai 31 @3 hnogeet aad 

sit bee ifaw :2MALGIIW SeawrTin 
youde ora nkdw .oatgvor ae ieb-eacse Sf of Soaguez 
-femnovivns 283 ,.T8! to Lis? ends ot yhevoitee asesd 
pe at? of oeol> ysav.ti 10 etawe sbam otow stabilises 
to foréee Sits tSsell 4 ao betesbze yous Bas ,omiZ 
sous toa¢ oi esitinal?i i seidieeog 

4707 60) OF BaoqeSss AsIW 
va -- Sedted® Bise ow fo btw ,ineatptla-e2 noeqnia 
hezivbs sro yet gud ,2edab Jneds sas ld anop e* bnis 
i palybuts Beitace: sy 26s omid emse sad Suode Gs 
-i99qes poitesnipaa us not? yrolszse 

vax eles coy ih Bad a) 
oimonose-uione atl tists of 26D ShIowA J1518) oF eqdze 
jna20M af? af s2aew Seseanrfo stedd Js? stasidivenoo 

,yilevisusege Jo% 1UAQ SaaaTIW 
:. . | eta laldsos nob I 
| om dtiW eetpe Siwow sb¥ ) = mee 
youd Jadt+ ,ti t*nbivow .Inpdrogm ed bivew sain deat 
ows) soaigpitil: gmp aid uqgek Dimpndoe-oloon atsits sep bloods 


Les weer a yr 





ALLWEST REPORTING L.TD. ZiELzZ 
BURNABY 2, B.C. | 


Dau,Williams ,Mollard,Watson 
Cross-Exam by Scott 


1 route changes as early as possible? | 
2 A I agree with yau, sir, but 
3 you must recognize that we work very closely with the | 
4 staff of Canadian Arctic Gas, and it's not a case that | 
3 we go off and do things in isolation and report back | 
6 months later. There is constant dialogue between us. 
7 Q But in respect of the 

Fort Simpson route change, you or the applicant, as 





you will note from his application, respecting it 
Says that the socio-economic impact of the original 
Fort Simpson route and the alternative route are about | 


the same. 


A I've read that, sir. 
Q Yes. Do you know from 


whom that socio-economic analysis came? 





A 1Sdo not. 

Q Don't you know who 
Arctic Gas has retained to give them socio-economic 
advice on the Fort Simpson route change? 

A Yes sir. They retained 
Gemini North in the past. 

Q Do you know who they 
retained on the Fort Simpson route change? 

A Not specifically. I can- 
not recall the name of the other consultant. 

Q Well, perhaps Mr. 
Marshall can let me know later who that was. You're 
not a sociologist, or an economist, but you have 
tdd us that it was important or that it was judged to 


be important that an appropriate distance be kept from 
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established communities when you're setting up the 





| 
line. | 
A Yese | 
Q And I take it that there 
are two factors inherent in that. One is that if you 
go within a certain distance of a community you have 
to have a certain dimension -~- I shouldn't say "dimine- | 
sion" but a certain depth or width of Pipe. 


A "Wall thickness" is the 


word you're looking for. 
Q Wall thickness. 
A Yes. 


Q So there would be an 





economic virtue in staying, as we have used the phe s 
at an appropriate distance from the communities. 
A Yes: 
Q What is the appropriate 
distance in terms of changing the wall thickness of the 
pipe, do you know that? 

_A It's a matter of the codes 
that are used for design of pipelines in Canada and 
United States, and it involves a population density 
count along the pipeline route. I could get you the 
precise information, if you like. 

Q It's apparent, isn't it, 


that the appropriate distance in terms of wall thickness 
| 


is on a scale based on population density? | 


A Yes, that's correct. 





Q And I take it that that 


has been the only guide that you have had, or your 
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1 firm has had in determining the appropriate distance | 
2 from communities. | 
3 A I would think so, sir, | 
4 yes, with one -- recognizing, of course, in the back | 
5 of your mind the potential expansion of the community. 

4 Q Yes. 
7 A In other words, you could 


precisely locate a pipeline today by a community, and | 
| 
not have to worry about a re-design of the system, and 
* 


then be in trouble four or five years from now when 


the community expanded. If you put that into the -- 
Q But that's also an econom 
ic consideration, isn't it? You don't want to have to 


dig up that pipe and replace it with a thider wall gen | 





the community gets bigger. 

A I would say that it's ! 
| 
| 
| 


! 


economic in its main sense, yes. It could also 
restrict the expansion of the community to a degree. 

Q Butil itake 2£ rehaticas 
you had no socio-economic consultants, your recommenda- 
tions to Arctic Gas with respect to the placing of the 
pipe in relation to communities was based on the 


consideration which you've outlined. 





A Yes « 

Q Yes, and on that alone, 
you having no socio-economic consultants? 

A The precise location wien 


| 
respect to the community is also dependent on -- 
think you understand -- is also dependent upon other 

| 


things such as if we outlined in route selection, in 
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other words, we don't -- that affects the route. We 
didn't specifically change the pipeline route because 
of the location of the community. I'm not sure I under- 


stand you yet. 





Q A sociologist might be 

ee ; : ‘ ; | 

able to fix in sociological terms the distance a pipe- | 
line and its social impact should be from a community, | 


you understand that theory? 


A Yes, I understand. 

Q You didn't have any of 
that input. 

A No sir. 


Q And therefore I put it | 
to you that your recommendations to Arctic Gas on the | 
appropriate distance from communities was dictated by | 
the problems of pipeline construction and economics 


exclusively. 





A I think the answer to 
that is "yes," but I must tell you that in no instances 
was the pipeline logically located so close to the 
communities that we would have to consider the re- 
design of the wall thickness. The logical location 


that we have, you know, that we were not conscious of 





that particular thing because it didn't occur. 
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Q Your main consideration 


in this area was economic and engineering. 





A Yes sir. | 

| 
Q Entirely. 
A Yes sir. 


Q And it will be a happy 
accident that the sociologists will agree with your 
placement of the pipe in relation to communities. 

A I imagine that's true, 
Sir, yes. 

Q Well now, I take it 
that the compressor stations are at least,in human 
terms the most offensive part of the pipeline. How 
can I ask that question of a pipeline man? But I 


take it that they're noisy and they're busy. | 





A No, I would disagree, 
sir. Busy, but I don't understand your term "busy”. 

Q Let me put it this-way. 
Have you formed any judgment as to whether --I a8k you 
this as a human being first of all, whether a length 
of pipe six feet in the ground is less offensive than 
a compressor station with the travelling to it and the 
hoise and so on that may come from it? 

A In that sense I under- 
stand your question, yes. 

Q And you will agree with 


me that in that sense the compressor station is busier 





an d noisier. 


A Yes, it's certainly 


noisier ian ee and certainly people visit it 
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far more than they visit buried pipe. 


Q You're making fun of 





me. | 
A No; (Lim not. “No, I'm not, 

Q Now, that's particularly 
so in this case, is it not, because the compressor 


station site, with certain exceptions, is going to be 


used as the construction site. 





A That's correct. 

Q Yes, and the borrow 
locations, insofar as possible, are going to be located 
as close as possib le to the construction site. 

A Yes. | 

Q So that at least during | 
the period of construction, the compressor station is | 
going to be, and its environs, is going to be a very 
busy place indeed. | 

A Yes. | 
Q Well now, the Fort | 

| 


Simpson,the original Fort Simpson route, the route 


and the nearest compressor station, I am advised, was 
about 20 miles from the community. Would that be 
approximately right? 

A E*1i .accept that, sir. 
The pipeline is about that far away, yes. 

Q Well, I'm telling you | 
because I've seen it on the map. 


A Yes sir. 


Q But under the route 
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site are immediately adjacent to Fort Simpson, across 
the river. 

A May I get the map out, 
please? It's about eight miles away, sir, I believe. 

Q On the first drawing? 
On the original? 

A No, I'm talking about thie 
revision east of Fort Simpson, the station is north 
of the Town of Fort Simpson, and by road,my rough 
scale would indicate that its about eight miles. 

Q Wouldn't it be correct 


to say that its across the river? 


A Yes, it's across the 
Fiver, “sir. 

Q It's almost Fort 
Simpson north -- 

A No, no, I'm sorry. The 


compressor station itself is more than four miles 
from the river, on the north side of the river., and 
looking at the map I would say that it's almost 
directly north of Fort Simpson. 

Q All right. 

A The access road to the 
Site would be a distance of five miles or more to 
a dock on the north side of the river. 

Q Well, let me put this 
to you. The heli-pad and the road and the construction 
camp and the compressor station and the wharves and th 
whole exercise are going to be within four to eight 


miles of Fort Simpson under the new plan. 
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A Thalys acoreecia, ¢Sir, | 
Q Well, and you agree with 


me that these socio-economic consultants to Arctic 





| 
Gas have said that that change doesn't alter the socio- 





economic balance between the two alternatives? 

A That's what the appli- 
cation says, yes sir. 

Q Now you're not a socio- 


logist and neither am I, but can you as a laym_an under 


Stand that? That's pretty tough to understand, isn't 
it? 

A Can I look at the original 
Mileage sheets? On the route east -- sorry, on the 


route west of Fort Simpson the compressor station is 
about 20 miles from Fort Simpson. It was connected 
to or had access to Fort Simpson via the Mackenzie 


Highway and a permanent road was constructed for a 





distance of some ten miles to the station. The 
station, that is on the east of Fort Simpson route, 
is -- I'm guessing -- about eight miles from Fort 
Simpson, and has no direct access by vehicle. 

Q Well, there's going to 


be a boat crossing by Arctic Gas, isn't there? 


A Yes sir. 
Q Of course. 
A And the argument we have, 


sir, then’ is the difference between eight miles and 
20 miles. 
Q Well,» L.iput, it. to, you 


Mr. Dau, asthe last matter,I.want to.deal.with, that 
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it's very diffiait for anybody to understand how there 
can be no socio-economic difference when the whole 
shibang is moved right to the edge of the town. 

A I can't agree with you 
that it's right at the edge of town, sir. 

Q Ald right... You're ‘going, ,| 


to -- are you going to be in charge of construction? 





Your company. 


A In charge of construction? 

(oD <-T | 

A No sir, we perform an 
engineering function -- design, Surveys, route loca- 


tions and things like that, not in charge of construc- 

tion, ‘Sir. | 
Q Youre going to have trouble 

preventing those gangs from going into Fort Simpson 

for a beer. | 
A Yes. 

Bei te aaa kale 
for your socio-economic panel to explain. that... That 
is all the questions I have. Thank you, Mr. Dau. 

MR. MARSHALL: Mr. Scott, 
are there others who wish to cross-examine this 
panel? 

MR. SCOTT: I should say, Mr. 
Commissioner, that Mr. Templeton has sent us some 


questions, a few questions. I think I would prefer 


not to ask them, and Mr. Dau and Mr. Williams at least 





will be returning shortly, perhaps I should notify 


Mr. Templeton that if he wishes to ask them they will 


be aS 
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be available on the construction panel. I am prepared, 
as I have said, to ask any questions or to assist any- 
body in the room who is not one of the major parti- 
Cipants, to put questions, and I have not heard from 
anybody in respect to this panel, but I'm generally 
prepared to help in that way with any other person, but) 
| 


I am not certain that that should apply to major 


participants. The risk might be that they'd all go | 





home and hand their questions to me. 

THE COMMISSIONER: Well, since 
Mr. Dau, I take it, will be returning on the construc- 
tion panel, then I think that I will allow Mr. Temple- 


ton at that time to ask his questions about routing 





instead of requiring you, Mr. Scott, to put them to the 


witness. I think it's better that Mr. Templeton put 





his own questions. 

MR. MABSHALL: That is fine | 
with us, sir. There was a point that Commission 
counsel asked me to advise him about, and that 
pertained to socio-economic advice to Arctic Gas 
pertaining to the routing revision, east Of Fort 
Simpson. My instructions are that Arctic Gas 


received advice from Van Dinkle Associates, Mr. 


Gas staff who had become informed on matters of 
socio-economic concerns. 

Mr. Commissioner, I have 
no re-examination for this panel. 


Ralph Hedlin, H-E-D-L-I-N, and members of the Arctic 
MR. BAYLY: Mr. Commissioner, 
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Dau,Williams,Mollard,Watson 
by Commissioner 


I have one matter that I had raised earlier, and poy iar 
been assured by Mr. Marshall and his witmss that I can | 
inspect the alignment sheets with the corrections or | 
up-datings that Mr. Watson has, and also having been | 
assured that there is even more recent information 

available, I do not wish to further this point in 

cross-examination at this stage. 


THE COMMISSIONER: Q Mr. Dau, 


the application for a right-of-way by Arctic Gas has 


all along described the coastal route from Prudhoe 





Bay along the north slope to the Canadian border, then 
across the Yukon to Fort McPherson the prime route, 
and the interior route through the mountains as the 
alternate route. Now both of those routes were found | 
to be feasible strictly from an engineering point of | 
view, and they were advanced, one as the prime and the | 
other as the alternate route. | 

WITNESS DAU: That is correct, | 
Sirs 

Q The route along the Soasd 
is preferred because it is 550 million dollars cheaper 
to build it on the Alkaska side of the border than it 
is to build the interior route, is that Pione? 

A From the -- those were 
the numbers I gave you yesterday, yes, I believe that's 
Correct, Sir, af I could dig them out, 


Q Well, I don't think you 


have to dig them out. You said that it was $550 





million costlier to build the interior route on the | 


Alaska side -- 
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1 A That's ‘right. 

2 Q -- or cheaper to yo | 
3 along the coast on the Alaska side. | 
4 A Yes. 
Ee) Q Now, is that the reason | 
6 why the coastal route was chosen over the alternate | 
7 route? | 
8 A That would be one of the | 
9 main considerations. There are other considerations ied 
10 respect to operation of the pipeline. The interior 

11 route would be more difficult to operate but it's 
12 feasible. In that sense it's nore expensive and more 
13 difficult to operate. 

14 Mary wad A first we 1a? it 

15 is from a financial point of view $550 million cheaper 
16 to construct on the Alaska(side of the border. | 
17 A That's correct. | 
18 Q Secondly, you say that 
19 from an engineering point of view there are advantages 
20 to the coastal route. 
1 A Yes 
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Q Are there any other 
reasons that you know of why the coastal route is | 
preferred as the prime route by Arctic Gas over the 
interior route? 

A There are some environ- 
mental considerations, sir, which I believe will be 
discussed in detail with the environmental panel. 

Q Now, the -- you told 
Mr. Scott that the route across the Mackenzie Delta, | 


across the mouth of the Mackenzie Delta has been under 





consideration since the fall of 1973. 

A That -was active consider- 
ation,sir. I have difficulty in determining when it -- 
to define between a preliminary and a very serious 


look at something and -- 


Q But you used the words | 
"Active consideration". 
A Yes, that is correct, 
sir. 
Q Was the -- has the 


cross-delta route, that is the route across the mouth 
of the Mackenzie Delta been under consideration since 


-- under active consideration since the fall of 1973? 





A Yes, sir. 

Q Now, does that mean that 
Since the fall of 1973 you .,yourself would have 
had it under active consideration? 

A Yes, sir. 


Q And the people to whom 





you report at Arctic Gas would have heen aware that it 
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was under active consideration by the fall of 1973? 

A Yes, sir. 

Q Can you tell me who you 
would report to at Arctic Gas? 

A In that time frame, 
Mr. Harvey and more currently, Mr. Stark. 

Q And what was Mr. Harvey's 
position? 

A Vice-president of 
engineering and construction, I believe. 

Q And what was Mr. Stark's 
position? 

A Mr. Stark is relatively 
new. He is the General Manager of engineering and 


construction. 


Q Well, now the Fort 
Simpson route. How long ago was it that the Fort 
Simpson -- that the alternate route, the so-called Fort 
Simpson amendment to avoid the crossing of the Liard. 
How long ago was it that that route change was brought 
under active consideration? 

A It came under active 
consideration at the time of the decision to install 
the dual river crossings on the major rivers and that 
time frame is -- we could get that date quickly for 
you -- it -- if my memory isright, it was spring of 
‘14 or very early '74, but I would have to confirm 


that particular date. 


Q Well, let me put it anothe 


way. When was the concept of dual pipes under the 
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1 major river crossings first brought under active 
consideration? 
3 A Just immediately pror 
4 ©€o that , sir. 
3 Q Without tying yourself 
: down to a specific date or even month, what period was 
7! that? 
A It would be the spring 
of '74, sir. It would be -- essentially the two times 
coincided, © once that decision was made it became 


very apparent that the cost advantages swung to the 
other route, within a month or so in that time 
frame. 
THE COMMISSIONER: WE1l1, 
thank you very Much Mr. Dau, Mr. Williams, Dr. Mollard, 


and Mr. Watson. We all appreciate that you have 





come and have been so patient with all of the counsel 
who have questioned you and have been so patient wth 
with me as well. I understand we may be seeing all 
of you again and certainly one or two of you aqin 
and should look forward to that. 

We will adjourn until two o'cloc 
on Monday afternoon and the INquiry will sit from 
two until five on Monday afternoon and then from eight 
until ten on Monday evening. From two to five Monday 
afternoon and from eight until ten Monday evening and 
then on Tuesday we will start at nine o'clock in the 
morning again. So we stand adjourned. 


(PROCEEDINGS ADJOURNED TO MARCH 17, 1975.) 
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1 Yellowknife, N.W.T. 

5 March 17, 1975. | 
3 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

4 MR. SCOTT:  Tewonder if TI 
could make of the applicant,a request for information | 
6 | that we would like to have at a time convenient to | 
7 him, just so that he will have a record of it,I thought 
| I might read it into the proceedings? 

| We have three requests for 

10 information that apply to that portion of the pipeline 
2 within the Yukon and the Northwest Territories only, 
=A and the first is: | 
13 1. What is the total mileage of the applicant's | 
14 original prime route including laterals affected | 
15 | by subsequently proposed alternatives and | 
16 | amendments? | 
7 I think here we're thinking | 
18 principally of the cross-delta alternative which is | 
19 proposed, and the Fort Simpson route change, which re 
20 already been filed. 

21 2% Assuming the cross-delta alternative and the 

22 Fort Simpson amendment, and any other relevant 

23 proposed changes, what is the total mileage of 

24 the applicant's route including laterals? 

254 Also for comparison 

26 | we would be grateful for the total mileage of the 

rae | original prime route. | 
28 a5 Assuming the cross-delta alternative, the Fort | 
29 Simpson amendment, and any other relevant propos- | 





30 ed changes, what is the total mileage of the 
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Yukon Territory, and perhaps I should read it. It says: 


1 route which will not be covered by bore holes | 
2] located within the limits of the mosaics on the | 
3] applicant's alignment sheets, and with the | 
4 | frequency of at least one bore hole to every | 
5 three miles? 
6 | Now I think those questions 
7| will be clear -- Mr. Genest is shaking his head -- | 
i MR. GENEST: Well, I presume 
| I will have access to him explaining to me. 
il MR. SCOTT: You will have 
a access to me to have them explained, and I think the | 
| record when it's reviewed will reveal precisely the | 
7" information we would like, and I'd be grateful to him | 
ta] if he could take under consideration providing that | 
| Lo aS 3 | 
aa MR. GENEST: Certainly. | 
Me Mr. Commissioner, before I | 
a call my next panel, we undertook on Friday to inform | 
- ourselves over the weekend as to the source of infor- 
oy mation that was given to Mr. Williams in Fee eee 
oa tion by Mr. Bayly with reference to trappers in the 
fe Old Crow area, and I have a letter from which I am 
oa informed the information came. The source of the 
=f iformation was the Government of the Yukon Territory, 
2 and was contained in a letter dated July 31, 1973, 
vs Wij. Gten. ,to,.0un.Mrp,.DoMo Fom-on to MijacD,'M. -FoOx,o£ 
all the Northern Engineering Services Limited by Mr. J.B. | 
me Fitzgerald, Director of Game of the Government of the 
23 
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"Dear Mr.--' 


and.1tis.Gdated,.lsthink.l .gavecthe.date,.July.31,.1973, 


it says: 
"Dear Mr. Fox: 
im-rpeply to your, letter 
of July 6th we have enclosed a photo copy of 
a map of the Northern Yukon showing the Old 
Crow group trapping area, the Fort McPherson 
NorthWest Territories group trapping area, 
the Fishing Branch Game River Preserve and 
the Peel River Game Preserve. That portion 
of the Yukon between the Old Crow group 
area and the coast is reserved for the hunting 
and trapping activities of natives from the 
Aklavik and Tuk area, who have traditionally 
hunted and trapped in this area. One family, 
resident on Herschel Island, also utilizes 
this area. There are approximately 50 trappers 
in the Old Crow group area, but only five or 
six in the Beaufort Coast zone. During the 
past two years, only two serious trappers in 
this zone worked the coast line." 
It's signed by Mr. Fitzgerald, and that was the source 
sir, of Mr. Williams' information. . 

With that; sir, may I call 
my numerous next panel? I hope it doesn't out-number 
the audience. Be seated, gentlemen, please. 

Before you do, Mr. Williams 
is on this panel, sir, and I just notice was not 


listed on tha names of witnesses that were furnished 
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+ with the summary of evidence. Mr. Williams is on the 


é panel really for the purpose of dealing with our -- 


3 mainly for the purpose of dealing with our test facili- 
4 || ties, because he was thesupervisor. He's already been 


| 
5 | sworn. 
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RICHARD H. COOPER, Sworn. 


ALLWEST REPORTING L-TD. Clark, Hollingshead, McRoberts, 
BURNABY 2, B.C. 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams IN Chief 
BT ; | 
Perhaps if I could name 
2 them from my left, we start with Dr. Cooper. Next 
: to him is Dr. Garry Hollingshead, next to him 
‘ is Dr. William Alexander Slusarchuk, next to Dr. 
< Slusarchuk is Dr. R.M. Hardy, next to Dr. Hardy is 
° Dr. John TaeclackaneNextotoeuDreuChark is Dr. yMorgen- 
: stern, Norbert Reuben Morgenstern. Next to Dr. 
| 
~ Morgenstern is Dr. Edward Charles McRoberts and 
‘ of course next to Dr. McRoberts is the only Mr. 
ny on the panel, Mr. Williams. 
wie THE COMMISSIONER: Welcome 
2 eet 
back Mr. Williams. 
v3 
MR. GENEST: May they 
14 ; 
be sworn, sir. 
5 


GARRY WOOD HOLLINGSHEAD , Sworn. 


WiLLIAM ALEXANDER SLUSARCHUK,, 


| 





sworn. 

ROBERT MCDONALD HARDY, sworn. 

JOHN IVOR CLARK, sworn. 

NORBERT REUBEN MORGENSTERN, 
sworn. 

EDWARD CHARLES MCROBERTS, 


Sworn. | 





GUY LESLIE WILLIAMS, resumed. 


THE COMMISSIONER: Mr. 


Genest, before you begin questioning these witnesses, 
I thin k I should tell you that I have received a 
letter from New York, New York, from a gentleman who | 


obviously has this 1iNquiry in proper perspective. He 
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ALLWEST REPORTING L.TD. Clark, Hollings head, McRoberts, 
ey eee Slusarchuk, Morgenstern, Cooper 
Hardy) == In Chiet 
a : ny 
has written me a letter, Commissioner of the Mac- 
2 see Tees ; 
kenzie Valley Pipeine Inquiry. He says: 
3 
"Enclosed is a clipping from the New York Times" 
4 
He. says: 
5 : : 
"TI am interested in the handstiched moccasins 
6 | ; 
| bis thes Pndrvans.at Could you help me to get a 
” 
pair or two. I will pay for them when you let 
8. 
me know the cost. I wear size 9 or 9 1/2 
) 
medium width. If you cannot oblige would you 
10 ; 
please pass this note on to someone who can. 
wg ; 
Thanking you in advance, ..." 
2 : : 
Well, that gentleman is not getting overcome by the 
L3 gas 
14 
MR. GENEST: I wonder 
LS 
if as with the previous panels, sir, I might file 
16 
as an exhibit, the next exhibit number, the 
7 
set of resumes setting up the biographical data 
18 
on each of these witnesses. I have already handed a 
19 
copy of that to Miss Huthinson and the participants, 
20 
I believe, have that resume which was provided with 
21 
our summary of evidence. And while I am filing 
22 
paper I would also like to file, sir, what was 
20 
called appendix "c" to the summary of the evidence 
24 
of this panel which is a list of reports to which 
eh) 
| they have referred or upon which they may rely. 
26 
(RESUMES OF BIOGRAPHICAL DATA MARKED AS EXHIBIT 
oXy| 
NO. 76.) 
28 
| (APPENDIX "C" MARKED AS EXHIBIT NO. 77) 
29 
MR. GENEST: There should 
30 
be iddded to this? bistithree: reports which I 
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Paahe (5) 
Cee eee Clark, Hollingshead, McRoberts, 
Slusarchuk, Morgenstern, Cooper 
Hardy, “© Williams 














In Chief 
1 ; 
described to the Commission last Wednesday and per- 
: haps I could name them again. ‘(The first was a report 
. on drainage and erosion control -- that is E.R.O.S.1I.O.N. 
; -- I see that I was quotedin the transcript as 
: referring to rodent control and we do not have a | 
e| panel dealing with that. 
: The second was called a 
. draft interim report on results from frost effects | 
: study, the third was a reference book of water : 
ae crossings, volume VII, "Supplemental Hydrology". I | 
ig now, sir, wish to advise my friends and you that we | 
- have received again two fresh additional reports that | 
a have just come into being, both prepared or 
= contributed to by members of this panel and upon | 
a which we will be relying. ONe is called a report 
ay on foundation design and its formal date is February 
= 1975. The second is called, is entitled, "Reconnais- 
= sance of the Aleyska Pipeline", and I have two copies 
a here of this report available for inspection by 
ie any of the parties and Commission staff. But those 
a should be added to the list of reports in Appendix | 
Z2 a . | 
23 | 
I have also handed to the 
i. Secretary of the Commission what is referred to in | 
re the summary of evidence as Appendix "B" which is | 
i a -- what would I call that? -- a treatment of the | 
a technical studies, a list ofthe technical studies 
oa in the geotechnical area which were conducted by or 
ee under the sypervision or for the use of this panel 
30 


and if that sould receive an exhibit number. 
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question of reports. We recognize that the 











Slusarchuk, Morgenstern, Cooper 
Hardy, ~ Williams | 


| 


In Chief 
(APPENDIX "B" MARKED AS EXHIBIT NO. 78) | 
There was an error on page 
six of that material. When I handed it out to 
my friends there should be a new page six which I 
inserted in the copy given to Miss Hutchinson and 
I have distributed a copy of the new page six 


to the participants and to the Commission 


Counsel. | 
Perhaps now, sir, I could 
move on to the qualifications and experience of the 
panel and I would like to start with. Dre Clark u-==> 
MR SCOTT: 7, Mr. eee ore 


before my friend does could I just deal with the 





that 
scientific work is ongoing and/there will be 


reports produced from time to time on various mateo 
It is a very difficult matter, however, when three 
reports nicely bound thereby indicating their 
availability some time ago, let us say, ten days ago 
are produced two days before and then on the | 


very day of the INquiry. It makes it very difficult! 


toconsume and understand anything in those reports 





and to conduct any kind of cross-examination. I 
would hope that my friend in the future, bam eb a: 

report is not bound in some permanent form will take 
steps to at least make one copy available in the 
unready state so that it can be examined by those 
people who have some interest in this subject matter. 


MR. GENEST: I will do 
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MR. SCOTT: It seems to me 
that in this case, assuming that there is anything 
relevant in those reports as I am sure that there 
is and which the panel relies, it will be virtually 
impossible to conduct any significant cross-examina- | 


tion with respectto it. 
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in (Chvef 

: | 
> MR. GENEST: Well, I know the 

; problem. I hope my friend appreciates our problem. The | 
, work is on-going, it is in peoples' heads and then ee 
: reduced to paper and then is issued as a report. If 

, there is prejudice caused by the lack of having that 
| report in hand in good time, I'm sure any of the nae 
: or all the parties who have suffered that prejudice | 
: will apply to you, sir, for some time to digest them 
| and I'll have to bring the panel back if they make out a 
iM case Of prejudice; and I appreciate that and when these) 
2 come out I undertake to -- or when I hear that they're 
% coming out, I undertake to get at least some advance 

it notice or copies just as soon as I can. | 
és Q Des Clark, -vourare, i 
fell understand -- first of all you're sitting,in the : 
w middle, you should raise your right hand and identify 
% yourself -- you're the supervisor of geotechnical and 
| environment studies for Northern Engineering Services | 
40 Company Limited. 
a A That es 1Etohtes, Sir. 

~ Q And I understand that 

F you received a B. Sc. in Mathematics and Physics from 
A Acadia University. 

* A Yes sir. 
26 Q You then received a 
27 Bachelor of Engineering from DEh es Scotia Technical | 
28 College, which is where everybody in Nova Scotia goes | 
29 to get that kind of degree? 
$4 A That'siniont, | 





QO You received a Master of 
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In Chief 
Science in Civil Engineering from the same institution. | 








A Yes sir. 

Q And you received a 
Doctorate in Civil Engineering from that institution inl 
1970, your specialty being soil mechanics and foundatioh 
engineering. | 

A The Master of Science 
was from the University of Alberta. | 

Q Oh, I'm sorry, I over- 
looked that, yes. And you belong to the usual 
Associations of Engineers? 


A Yes sir. 


Q And you were a member 





of the Organizing Committee for the Third International 
-- it says here, "Society of Soil Mechanics & Founda- 
tion Engineers", I understand that's an error. 


A It's the Third Inter- 


national Conference on Permafrost, which is upcoming. | 
Q And what kind of con- 
ference is that, sir? | 
A It's held every three | 
to four years. It was held last year ‘in Yakutskt , Russia. 
Next time it will be held is in 19/8 in Edmonton, 
Alberta. 


Q And I take it it dis- 
cusses permafrost, that's self-evident? 

A Yes, from several 
points of view. 


Q From an engineering, 





as well as-- 
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In Chief 
1 A Engineering, geology and | 
2 glacialogy and so on and so forth, included. | 
3 | Q You're an associate | 
4 editor of the Canadian Geotechnical Journal? 
3 A Yes sir. 
6 | Q What is that publication,| 
7 sir? 
8 A That's a publication 
9 that is officially put out by the National Research | 
10 Council. It serves more or less as the voice of the 
ll geotechnical community in Canada. 
12 Q How long have you been 
13 in that capacity? | 
14 A About two years, I believe. 
15 | Q And you're the first 
16 | Albertan to be elected a4 director of the Canadian 
17 Geotechnical Society, or have I got that wrong? 
18 A That's correct. There 
19 is a director from several regions in Canada, and I'm 
20 the director for Alberta. 
al Q And from 1957 to 1960 
22 you were with the Royal Canadian Ar Force in charge 
23 of construction projects in the Arctic and sub-Arctic. 
24 A Bhat Sseriaght,) ‘sir. 
feel Q And what were some of 
26 the projects you worked on? 
a] A Well, I spent about seven 
“8 months at Whitehorse,principally involved with the 
ee construction of buildings. The larger component of 
30 


that period with the Air Force TI was at a mid-Canada 
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In Chief | 
line site in Hudson's Bay where we constructed a wharf, 
inland trainingbasin, some pipeline, buildings and 
where we did a number of engineering studies, many of |, 
which were related to permafrost problems. 

Q And thereafter, sir, you 
were a project engineer with the Soil Mechanics Divi- 
sion of the Department of Public Works in OttawA? 

A Yes sir. 

Q And your reponsibility 
there related to what? 

A Project engineer for 
foundation studies for Federal Buildings, slope 
stability problems on federal land and so on. 


Q Then for ten years there-| 





after you were chief Soemneeeeninaad of the Geotechni-} 
cal Division, Materials & Testing Laboratories with 
R.M. Hardy & Associates? 

A That's right, they were 
dual companies at that time, Materials Testing 
Laboratories and R.M. Hardy Associates, and they 
were merged a few years ago under the one name of 
R.M. Hardy & Associates. 


Q And R.M. Hardy is the 





gentleman sitting to your right. 





A Phatts right;esir. 
Q And what was your work 
: 
there, sir? | 
A It was practically all | 
of a geotechnical and engineering nature, foundation | 


engineering, slope stability work, some engineering 
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In Chief 
geology and rock mechanics, some permafrost work, quite 


a wide variety of geotechnical studies and work. 
Q And since 1972 I under- 
stand you've been with Northern Engineering Services 


Company Limited. 


A That’ s*+Fi ght, sir? 

Q And associated with this 
project. | 

A Yes sir. 

Q Were you associated 


with it in any way before you came to Northern Engin- 





eering? 
| 
| 


A I was officially seconded 
to Northern Engineering at about December 15, 1972, and 
for some time -- a few months prior to that time I | 
had discussions with some geotechnical people there, as 


Well as within the Pemcan group, related to studies 


that were being undertaken at that time. 

Q And the .schedule you've 
filed shows that you're the author responsible for | 
ten publications, one of which was awarded the 
Canadian Geotechnical Society prize. 

A That; Seraqney Sir. 

Q And ese was your area 
of responsibility in connection with the Arctic Gas 
Pipeline project? 


A I supervised the geo- 


technical engineering as a component of the Northern 





Engineering staff and in 1974 the Environmental Group 


was merged with the Geotechnical Group, and T served 
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Hardy ,Williams 
In Chief 
1 as supervisor of the combined group at this time. 
2 Q Could I then turn, be- 
3 cause it's the next one in my notes, to Dr. Hollings- | 
4 head? You're the second from the left, Dr. Hollingshead, 
3 and your present position is as manager of River | 
6 | Engineering in the Northern Engineering Services Company 
7 | and you came to there from R.M. Hardy & Associates. 
8 A Thet's right; sir. | 
9 Q And you received a diplom 
10 in civil engineering from the Royal Military College 
11 in 1959, a Bachelor of Science in Civil Engineering 
12 from the University of Alberta in 1960, a Master of 
| Science in 1965 from the same institution, and finally 
ay in 1973 you received a Ph.D. in civil engineering from | 
15 | Queens. 
16 A Thatheoridnt .weiz: | 
1? Q is, that correct, and that! 
18 was specializing again in soil mechanics and founda- | 
19 tdn engineering? | 
20 A Yes sir. 
21 
22 
23] 
24| 
i. 
26 | 
27 | 
28 | 
29 | | 
| 
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Q And your experience 





briefly, from 1960 to 1963 was in the field in the | 
military field, military engineering, is that correct? | 

A Thatis right, with the 
Royal Canadian Engineers. 

Q And you spent one of 
those years on the Northwest Highway System . 

A Yes. Sir, 

Q What is that, Dr. 
Hollingshead? 


4 That was the name applied 





by the military to the Canadian portion of what is 
commonly known as the Alaska Highway, and up until 
about 1963 the Department of National Defence was 
responsible for the maintenance of that particular 
highway. I was involved with that project. | 

Q And from 1965 to 1973 
you were a professor of civil engineering at the Royal 
Military College, is that right? 

A Yes sir. 

Q And you did some consult-| 
ing work in the interim period? . 

A Associated with a Toronto 
firm during part of that period. 


Q And from 1973 you've 





been with the -- are you with R.M. Hardy? 
A Yes sir. 
Q You're not part of the -- 


are you part of Northern Engineering Services? | 


A Yes sir, Tam with P.M. 
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Clark ,Hollingshead,McRoberts, 


Slusarchuk ,Morgenstern,Cooper 


Hardy ,Williams 

In Chief 
Hardy,. seconded to Northern Engineering Services in 
much the same manner as Dr. Clark. 

Q And you published -- 
you also have about ten publications to your credit? 

A Yes sir. 

QO There are a list of 
them in your schedule to your resume, and what was 
your area of responsibility in connection with this 
project? 

A I have been given the 
responsibility for the river crossing design work 
which Northern Engineering is involved in. 

Q May I move then to Dr. 
McRoberts, the gentleman next to Mr. Williams. You 
are a senior geotechnical engineer with Northern 
Engineering Services Company? 

WITNESS McROBERTS: Yes sir. 

Q And you're seconded 
again from R.M. Hardy & Associates. 

A That is correct. 

Q And your educational 


background; “yeu*got your B.Sc., yourjM.Sc. and finally 


your Ph.D. and we say here from Royal Military College 


but it was from the University of Alberta. Is that 


correct? 
A Yes, that’s correct. 
Q You received your 
doctorate in 1973. 
A That's correct. 


Q And you hebng to the 


| 


| 
| 
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Clark,Hollingshead,McRoberts, 
Slusarchuk,Morgenstern,Cooper, 
Hardy ,Williams 
In Chief 

usual Associations of professional people in your 


field. 
A Yes sir. 


Q And from 1968 to 1971 


you were with the Canadian Forces? 


A Yes sir. 

Q What sort of work were 
you doing, sir? 

A First two years I was 


| 


involved in various aspects of geotechnical engineering 
work. The last year I was in the Canadian Armed Forces, 
I spent as an assistant professor at the Royal Military 
College in Kingston. At the end of my stay there 

at the Royal Military College I went to the University | 
of Alberta to do my Ph.D. work. | 

Q And from there you went 
to R.M. Hardy & Associates and then Northern Engineering 
Services? | 

A That's correct. 

Q And what is your area of | 
responsibility with Northern Engineering on this | 
pipeline project? 

A Two areas, slope 
stability, studies in permafrost, as well as in 
geotechnical aspects of studies concerned with buried 
pipelines. | 

Q And you have again a 


number of publications that you have written, a 


number of which I notice are in collaboration with 





Dr. Morgenstern, who is one of our witnesses today. 
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Clark ,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern ,Cooper, | 
Hardy ,Williams : 
In Chief 
A that siwconnect.. 
Q I move then to you, Dr. 


Slusarchuk. I pronounce that correctly, do I? | 


WITNESS SLUSARCHUK: A Yes, yau do. | 


Q You are with Northern 
Engineering Services Company Limited via R.M. Hardy 


& Associates Limited. 


A Yes sir. | 
Q As manager of Pere ee 
and geothermal studies. | 
A Yes sir. 


Q Would you tell me what 
that means? 

A I am responsible for the | 
various studies in the geotechnical area, such as 
design of foundations, slopes, pipe flow interaction 


and so on, and also in the geological area. In the 





geothermal studies I'm responsibe to make sure that 
we have the ability to predict the temperatures in 
the ground with regard to this pipeline, and the 
associated ancillary structures. 

Q And you've a B.Sc. and 
an M.Sc. in civil engineering, and you finally receive 
a Ph.D. in 1971 from Rutgers University in the United 


States. 


A Thates- correct, sir. 
Q And I note that your 
Master's thesis dealt with frost heave protection. 


A Yes sir. 





Q And also your PH.D. 
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i ai al ans Clark,Hollingshead,McRoberts, 
Slusarchuk,Morgenstern, Cooper, 
Hardy,Williams, 
In Chief 
1 thesis dealt with aspects of frost-heaving phenomenon. 
2 A Yes, this is correct. | 
3 Q Your professional exper- 
4 ience, sir, was spent,devoted firstly again as an 
5 officer in the Navy. | 
6 | A Yes sir. | 
7| Q What sort of work did 
8 you do there? | 
9 A For the first year and | 
10 a half I was more or less on board ship as a shipboard 
1] officer in engineering operations in the Navigations 
12 Department. Then I spent about six months as a con- 
13 struction officer designing alterations and additions | 
14 to ships in the Naval Architect Division, and the last. 
15 year, approximately for the last year, I spent as 
16 base development officer on the Atlantic Coast, and | 
17 this was invdved with major and minor construction : 
18 and base maintenance along the Atlantic Coast. 
i9 Q Soil and geotechnics, I 
20 take it when you were at sea, were something the 
21 ships tried to avoid. 
22 A Yes sir. 
23 Q Then you became a 
24 research officer of the National Research Council of 
25 Canada, is that correct? 
26 A Yes sir. 
27 Q And you spent three years 
aa with the National Research Council? 
29 A Yes’ srr. 
30 @) And wha t was che 








wfosyito” ab etd. ,esy 




















“teqxe [snokesstotg IN0F Q. - > Res = 


ne ee nbses ¢itey!? hedoreh daege eaw tia gonok 
| vyvaw etd ni testo | 
a q 





; -ile-SeF A ie ‘heme. oot 
66 olow 26 Jxce peyiW Oo. a, k sda tparinse | 
tezedd of yoy 
| ° So& rRey Seat? es 1O% S | 


\etnodatde « 2s Gide bieod «6 anel to stom esw i tiem s 
anotsepive edd at eno iteisge pcinesripns ak zeolite — 
-noo B e6 é@ittnan xke Juerds gaege I nent , tnoomsi1agqed 
Jaotydéhbs bas anctestod iy paiaples® gestae noLizou1se ; 
sesi edd bas  nodeiviG joottdow Tevet afy mi aqide oF - 
as J+hetin 1 '\zsey gaat sag 202: yledeninomggs TASY 
Hina  Se6oD sitnaige oft no Tevitio sremqoieveb eesd - 
qoitsuttenoo soakt Bon sotem tiiw Bbeubyal esw aid? 

tesod siinef#A att pable soaenegaiem sesd baa 

t .2oinnsetdooo bas i408 Q 4 mY) : 
od paiddsmoe stew .692 Js osew voy nonw JL oast 

 baowe og Bikad regia 

.2t2 coy a ve 


s emenddt wov oer “Qe. 
to LiontieoD nosstecat isnoissl wes to 1e0d230.4 


tie e6y 4 
rROY Sordid nega voy bah =D 





2147 | 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. } 














Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern, eres 
Hardy ,Williams 
in Chzer \ 
direction of your specialty there? | 
A My research there was 
mainly in permafrost engineering with emphasis on | 
foundation problems associated with construction of 


! 

: : | 

northern pipelines. | 
| 

| 


For the Research Council? 


A Yes sir, for the Research 
Council. 
Q And you joined Northern 
Engineering in 1973. | 
A Phat We. correct. 
Q You did n't come via 
R.M. Hardy & Associates? | 
A I joined R.M. Hardy & | 





Associates to join Northern Engineering Services. 
Q What was your area of : 
responsibility in connection with the pipeline project? 
A My initial responsibility 
was with regard to the geothermal analysis. Shortly 
thereafter Iwas also assigned responsibility for the 
frost heaving, and more recently I've been given 


responsibilities in the general permafrost engineering 


area. 









- “t - r % 2 ¥ 
s i a> tb _ +S : 
a ea bo Zaye “ 
® 7.6 ¥ ra ae’ tS" fa) i 
be oe eee 


. 94) 


enw ewrerty sales -, 


vo -eiesdains si cetsaliall akin ae a 


to noisouz anes tiv Seteioeeen emelderq. noétebavot 
_esnifegig azedtzon 


Siionvop dorscas si xoF 2. 


dorcerst ef? cot . rte =o ae f 
mig dition Bewiol soy Dowd ? 
| ENOL mi pabroontond 
tos .top at denE & : us 
| Giv sito: 27 n beh wow) ie (jet /pempas igall 
Sapisboonea: @ ybush M.A 
2 ybtsH .M.A bettot = A ready 
_eapivre? pnixzesmiesd sxedtion atof os vetsioonek 
Yo sexs “Woy 260) tenW o Ma nigeuc ee Ge 


<yootonq onl faqig si din aoddpanndo mb -ytitidienogest 
yeit2dtenagees fettiag wy «A 044g ee hee 
yievods .ateylece Lemedgosp oft oF Bxapet ijiw esw 

| odd +o} yrilidienoqees Beapiees oeke aol tetisoreds 
) novip need ev’ T ylsnanes ‘exon Bas  veckveod 802% 
| piltsanipas Jeortamrog Marae ert at aotstlidkenoqee 
S028 
re 











1s See as ee 
















ans - 
a z 


ALLWEST REPORTING L.TD. Clark, Hollingshead, McRoberts, 


BURNABY 2, B.C. 


om 


i) 





2148 


Slusarchuk, Morgenstern, Cooper, | 
Hardy, Williams -- In Chief 


Q And we have a list of 
some 14 publications which bear your name, is that 
correct? 


A That is correct, sir. 





Q Now, Dr. Morgenstern, 
if I may turn to you, sir, you are presently employed : 
as the professor of civil engineering at the 
University of Alberta -- 


WITNESS MORGENSTERN: 


A Yes’, correct. 





Q And you are also a -- 
carry on practice as a consulting engineer, is 
that correct? 

A That is correct, yes. 

Q You have received a | 
Bachelor of Applied Science in Civil Engineering | 


from the University of Toronto -- a D.I.C. -- I 





forgot to ask you what that was. 
A That is a Diploma of 


Imperial College. It is equivalent to a Masters 


Degree. 

Q Equivalent to a Masters 
Degree? 

A Yes. 

Q Thate is fro m the 


Imperial College of Science. That is an ENglish 
institution, is it? 


A University of London, 


yes. 





Q And you received your 
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30 


Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams. In Chief 


PhD in Soil Mechanics from that university in 1964? 

A hates Correct. 

Q And you have an enor- 
mous number of professional affiliations. Without 
taking you through everyone of these, I note that 
you vere a member of a -- it is not an expedition -- 


I do not think that that is the proper word of 


whatever it is, of civil -- a mission of civil engin- 


eers to Yugoslavia to report on earthquake effects? 


A Yes, that was about 


10 or\ 12) years ago. 


Q You are a member of the 


editorial board of the INternational Journal of 
Rock Mechanics and Mining Sciences? 


A Yes. 


Q You are a member of the 


editorial board of the Journal of Soil Mechanics and 
Foundations of the American Society of Civil 
Engineers? 


A Yes. 


Q You are a member of. the 


Canadian Advisory Committee on Rock Mechanics of the 
Department of Energy, Mines and Resources of the 
Government of Canada? 

A Yes. 

Q You are also a member 
of the Associate Committee for Geotechnical Research 
of the National REsearch Council of Canada? 


A Yes. 


Q You are a member of the 
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PLN GAM ERE S| ae tT Clark, Hollingshead, McRoberts, 
Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams -- In Chief 
i Canadian National Committeee for Earthquake Engin- | 
2 eering? 5 | 
3 A Yes. 
4 Q That has nothing to do 
=) with causing them, that is -- 
6 | A Hopefully not -- 
7 Q Right. | 
8. You are a member of | 
9 the Earth Sciences Grant Selection Committee, [a 
10 Research Council of Canada. What does that organi- 
at zation, sir? 
ie A that is one of the 
i3 Committees that selects the applications seeking | 
14 funding -- university people seeking funding from the 
ass National Research Council to undertake research in the 
16 earth sciences. It covers a wide range of activities, 
17 geology, geophysica and geotechnical work. : 
18 Q You are also a member | 
19 of the editorial board of the bulletin of the 
20 Association of Engineering Geologists. | 
Zz. A Yes. 
22 Q And with Dr. Clark you 
23 are a member of the organizing committeee on the Thir 
24 International Congress on Permafrost? 
A Yes, that is right. 
Q And sir, your pro- 





< 


fessional experience dates back from 1956 when you 
were employed for a short while with a firm of 

then 
geotechnical consulting engineers and/you pursued a | 


course of studies and lecturing? 
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Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams, -- In Chief 


A Yes, that is right. 

Q In 1968 you became 
Professor of Civil Engineering at the University of 
Alberta? 

A Yes. 

Q And you provided with | 
your resume a rather long list of consulting and 
engagements which in particular refers to a number 
of engagements on landslides and slope stability . 

A Yes: 

Q Your experience in 
pipelines in particular is set out there. You were 


engaged on the -- with Mackenzie Valley Pipeline 





Research Limited ? 


A Yes; that is "correct? 


Q Was that for the oil 
pipeline -- | 
A That was the oil 


pipeline feasibility study undertaken a few years 





ago. 


Q What was your 
function in that, sir? 
A I established certain | 
design criteria for burial Sonaidibhs and advised 


generally on geotechnical aspects of that study. 


Q And you have a number 
of other projects -- E.W. Brooker, Limited -- what was 
that for? | 
A That -- when they were | 





|, 


the geotechnical consultants to the Gas Arctic Study, 


————— 
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Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams, -- In Chief 


I assisted them on some of their studies at an early 


stage. 

Q The Centennial Gas 
Pipeline -- it sounds like one of Mr. Gibbs -- 

A That was a proposal for a 


Gas Pipeline to Vancouver Island that did not come 


to fruition. 


Q Stone and Webster 
Engineering Corporation -- you did pipeline work 
for them? 

A Yes, but not in the sens¢ 
of a gas/oil pipeline -- these were problems associated 


with marine burial of large diaméter pipes off shore | 


for nuclear power plants. 





Q Andi thavera note here —4 

i 

I do not know if it is listed on the summary, that 
you have been engaged in connection with the 


Aleyska Pipeline -- 


A Yes, I am presently a 


consultant to Aleyska. 

Q And dnas field of work 
again -- 

A With special reference 


to problems of slope stability and the problems that 


also reviewed some other parts of their design for 
them. 

Q And I am not going to 
take you through your publications. I see there 


there are 
are 59 of them. But/perhaps more since that -- since 


occur due to thaw beneath the right-of-way. I have 
| 
| 
| 
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“fiz A 
























€ xo fey len _ a 4 
| “J }2 
i PIM brb tate Bowtel sevuegonsV of salieqit alae . ire 

( ,aobaivz?. on 


7 

| fo4 . Bos snoOzG ‘ ‘ 

| th wov <~ sastezoqged, paitecaigadt 
§med? 102 


a 
Sens : j +! , assy 
ee , dzaw pees -- atdlegiq [lo\ssp,s io 
_ 


; eon 
istametb aytel 26 Ieized entzem,dsiw 


efnalge vewoq zeslova xo 
. 





f I \ od ay i > 
sid ao heteil at gf 21 wond ton Ob > = . 4 
—_ 7 (ar 
1oOltoeanoD ot bapepae pAsed svsd.goy — _ — 
' -- atiLeqit akeyeta” | 
! F , 
. ‘ .= A : A C 
| sieyola a gunsivego> i” 
as = ‘sa [Ss 
/ EA Q - 7 - J 
| 2 aotiw A 
J I ° ar - 
: 1 < 7 am : cai)? Jie ; $iT tdatse aqgola bt =] aes 
‘a? | aved - Ww ~*ipit@aa dj seced wads 0 
7 - 
7 4 ond vireahb vieds To B85 I63 teito somos 
>> 4q 
a j 
of prior Jon. me + ann Q 








ered? eae i naanesoobtaos mes 


ts sredy 
works -- dade apn cama fgets il: 


7 os 7 


ae —— 






we 


ie) 


BURNABY 2, B.C. 


2153 





aah ernest a ara lla Clark, Hollingshead, McRoberts, 
Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams, -- In Chief 
the summation -- | 
A Since this preparation, 
| 
yes. 
Q We are coming to the 


oa) 


Oo © 


10 


Lt 


imminwnt danger of falling off the platform. 

WITNESS COOPER: 

A That 4.setcornect : 

a 

Q You sir, are/consulting 
professional engineer -- 

A Yes -- | 

Q And a principal of 


end, Mr. Commissioner. 
Dr. Cooper, I should ask any 
of my friends who want to address vigourous cross- 


examination to you to make you move because you arein 


Northwest Hydraulic Consultants Limited -- 
A That iissrighe. 
Q What is that company, | 
sir? 
A Ltrs tavefirmosthat 
specializes in the area of Hydrology and River 


engineering and also hydraulic model testing. 


Q And you are an associate 
in T. Blench -- B.L.E.N.C.H. -- and Associates Limited? 
A Yes, that is an associated 


company that has similar areas of responsibility. 
Q And you have a BSc. and 
MSc. in Civil Engineering and you have a Doctor's 


Degree in Civil Engineering which was granted to you 





by the University of Alberta in 1970, is that correct? 


A That wetcorrects 
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ALUWEST REPORTING LTO, Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper, | 
Hardy, Williams, -- In Chief 
i Q And the area of study 
2 which was comprised in your dortoral thesis was | 
3 what, sir? | 
4 A Sediment transport whieh | 
5 more simply stated is the ability of flow, say, in 
6 | a river to move the material on the bed, the | 
2 ganular material on the bed and the effect of that | 
8. Material on the flow itself. 
: Q And your professional 
10 experience, sir, goes back to 1964 when you became | 
Ad. a research associate at the University of Alberta? | 
Ne A That is correct. | 
13 Q In what field did you | 
14 concern yourself? | 
LS A In the same field that my 
16 work for the PhD was carried out in -- I also did at 


| 
: 
that time some commercial model testing while at | 
the university. | 
Q And then from 1972 you 
became associated with the two firms we have just 
named? 
A Correct. 


Q And both companies I 





understand offer specialized engineering services in 
the areas of hydrology and river engineering. -- 
Perhaps you could tell me what hydrology is -- someone 
has told me but I have forgotten. | 
A Well, hydrology is pében— 


tially from the point of view of our work, the 


prediction and analysis of flows, both overland flows, 





| 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams -- In Chief 


ground water flows, etc. 

Q And your work as a 
consulting engineer has included the Aleyska project. | 
Were you retained as a consultant on that project) | 
sir ? 

A That is» right. We 
were through our associated company, ‘Northwest | 
Hydraulic Consultants. 

Q And what did the 


were 
work for which you/retained to do,encompass? 


A Myself, I was involved in 


| 


the establishment of design techniques in the planning} 


{ 


and supervision of design data collection programs, in 


carrying out detailed reviews of their actual 





design .. In addition I was charged with the | 


river 
project and our engineers did the detailed/engineering | 


responsibility of supervising our firm's input to the | 

| 

| 

aspects of the individaul crossing design. 

Q And you have listed some 

four publications of which you are the author, either 
by yourself or jointly with others. 


A That is correct. 


Q And you were retained | 





as a consultant to Northern Engineering SErvices? 


A Yes. 
Q And what was your 
| 
area of responsibility? 


A In many respects sinlar | 
to that I had with Aleyska, the development and | 


establishment of design techniques, making recommen- 
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Slusarchuck, Morgenstern, Cooper 
Hardy, Williams, -- In Chief 


dations for correction of preliminary design data 
and the requirements -- or the data requirements for 
ultimate final design. In may cases I have 

reviewed their reports and made recommendations on 
these. 

Q. Thank you. Next if I 
could move to Dr. Hardy -- from what I read, Dr. 
Hardy, you are sort of the grandfather of geotechnical 
business in Canada. 

WITNESS HARDY: 


A Could = be, I -- 


Q Or do i age you too 
much? 

A Do not worry about that, | 
sir. 

Q You were, sir, until 


1971 for eight years the dean of the Faculty of Engin- 
eering at the University of Alberta? 

A Yes, sir. 

Q And you are now a 
Professor Ameritue of Civil Engineering at that 
insditution? 

A Yes 7 (Sir. 

Q Were most of your co- 


panel members students of yours? 


A Not too many of them, 
sir -- they -- I was actually teaching before their 
times in most cases. 

Q And you are also the 


President of R.M. Hardy and Associates Limited which 


| 
| 








| 
| 
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ee ee LTD. Clark, Hollingshead , McRoberts 
pies Slusarchuk, Morgenstern, Cooper 
Hardy, Williams, -- In chief 
is the firm engaged in the business of -- perhaps 


you could tell us, describe briefly the business of 


R.M. Hardy and Associates. 
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Clark,Hollingshead,McRoberts, 

Slusarchuk ,Morgenstern,Cooper, | 
Hardy ,Williams 
In Chief 
A Well, we're engaged in 


the engineering aspects of all problems that involve 





soils, and to a certain extent, rocks. That includes 
foundations, buildings, and earth dams, highways, | 
railroads, and of course I have personally been inter- 
ested in permafrost problems for a great many years, 
dating back to 1944. So permafrost and pipelines, for 
that matter, are in that field, and are subjects 


that I have paid a good deal of attention to in the 


past 20 years, 25 years. 





Q Pind you haveva B.Se. and 
an M.Sc. in civil engineering. 

A Yes sir. 

Q You have an honorary 
Doctor of Science from the University of Manitoba. 

A Yes sir. | 


Q Where you worked in the 





field of soil mechanics and foundation engineering. 

A That is correct. 

Q You also have an honorary 
Doctor of Science from the Royal Military College 
granted to-vyou in 31972. 


A Yes sir. 





Q So actually you didn't 


have to write a thesis. 





A I had to do certain 
other things. 

Q- I understand that others 
in this room may be visited by similar doctorates, 


shortly. You're a Fellow of the Royal Society of 
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Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 








In Chief 
1 
; Canada? 
A Yes sir. | 
? | 
A Q And you belong to the 
| 
usual Associations of engineers? 
A Yes sir. | 
6 | 
= Q You werea member of the 
| 
5 Borden Royal Commission on Energy. ' 
A Yes sir. 
: | 
on Q You were the technical 
1 advisor to the Manning Royal Commission on the location 
a of the Pine Point Railway. 
A Yes sir. 
13 
i Q Which involved geotechni- 
| | 
¢ cal considerations of railway construction in muskeg 
3 and permafrost terrain, is that correct? 
A Yessir, | 
17 
18 Q And then you're a member 
19 of the Alberta Research Council -- 
A Yes sir. 
20 
31 Q -~- and have been since 
1948, 
22 
33 A Yes sir, 
= Q A member of the Univer- 
25 sities Commission of Alberta. You occupied that 
26 posstion from “7b to. 73, 
27 A Yes, it was then 
28 abandoned. 
29 Q You're the past president 





of tte Dominion Council of Professional Engineers. 
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Slusarchuk,Morgenstern, Cooper, 
Hardy ,Williams 


In Chief 
A Yes sir. 
Q A past vice-president of 


the Engineering Institute of Canada. 

A Yes sir. 

Q A past president of the 
Association of Professional Engineers of Alberta. 

A Yes sir. 

Q I don't know where to 
stop, Dr. Hardy. You're also a member of a large 
other number of organizations, and we have listed your 
academic positions at the University of Alberta, 
which culminated in your becoming dean of that : 
faculty in. 1963. Is that correct? | 

A I was actualy dear. of 
the faculty in 1946, sir, but I left the university in, 
1959. 

Q I'm sorry, Dr. Hardy. 


A But then I went back 


in 1963. 
Q What did you do between 


1946 -- between 1959 and 1963? 


A Well, I was active 





full-time with R.M. Hardy & Associates, sir. 

Q Now you received a 
number of awards, sir, including the Centennial 
Medal of the Government of Canada, the Centennial Awar 
of the Association of Professional Engineers of Alberta 
for 1968, the R.F. Legget Award of the Canadian Geo- 
technical Society in 1971 -- is that named, by the 


way, after the Legget who testified here in the 
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Clark ,Hollingshead ,McRoberts, 
Slusarchuk,Morgenstern,Cooper, 
Hardy ,Williams | 


In Chief | 
overview evidence? 

A Yes sir. 

Q You received the Canadian 


| 


Engineering Gold Medal for 1973 by the Canadian Council 
| 


| 


of Professional Engineers. 

A Yes sir, 

Q And I understand that 
you're also an officer of the Order of Canada. 

A Yes sir. I would pint 
out, sir, that you missed a very important one that is 
most relevant to this hearing, and that is the Keefer 
Medal of the Engineering Institute of Canada in 1947 


| 
| 
| 
| 
| 


for a paper on permanently frozen ground and foundation 
design, which was the first engineering paper, I | 
think, on permafrost that was produced in Canada. 
That is probably why I'm here today. | 

Q In 1947, I'm sorry piles tne:) 
that; and your experience, sir, in geotechnical sn 
and engineering problems has been considerable, I take 
it. You've worked for the Northwest Study Group, the 
Gas Arctic project, you helped Canadian Bechtel Limited 
to do a feasibility study of the oil line on the | 
Mackenzie River. 


A Yes sir. 


Q You made -- you co-opera- 





ted or collaborated in ymr report to the Governor of 


the State of Alaska concerning the Aley ‘ska Pipeline. 


| 
A Yes, 1, participated in 
that. 
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Hardy ,Williams | 
In Chief 
1 QO You've worked on an Arctic 
2 Railway study. | 
3 A Yes sir. 
4 Q What did your work con- 
3 sist of in that regard? | 
6 | A I did an overview of 
7 the geotechnical implications of that project, that is 
8 the current project that has been considered in the | 
9 last two years. The firm had one contract for one | 
10 section, but this -- my responsibility there was to 
Ludh do an overview something like the overview that have | 
12 been produced for this Commission and were heard in 
13 the first two days of the hearing. | 
14 Q All right. 
15 A On the general geotechnical 
| implications and problems. | 
17 Q And you did some work for 
" a proposed C.N.R. Great Slave Lake Railway. 
19 A Yes, I was heavily in- 
20 volved in that. 
21 Q What was that project, 
22 sir? Or that plan. 
Ht A Well, it's the railroad 
a that went from close to Peace River, Alberta, to the 
aA Pine Point development on Slave Lake, and so that was 
26 through country that involved a lot of muskeg and 
27 some permafrost, not continuous permafrost but discon- 
28 tinuous permafrost, which can, of course, be very 
= troublesome. 
30 


Q What was the degree of 
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BURNABH 27 Bice Clark,Hollingshead,McRoberts, 
Slusarchuk,Morgenstern,Cooper, 
Hardy ,Williams | 
In Chief 
1 your involvement, sir? | 
2 A Oh, I was very much in- | 
3 volved in the location of the railroad, and then in 
aa special problems, special geotechnical problems such 
5 as stability of permafrost and also muskeg problems. 
6 I was personally involved in that work myself, I did | 
il it myself. | 
8 Q You were also involved in 
9 the Alaska Highway? | 
110) A Yes, that's when I ie | 
11 got involved in permafrost, in fact the term was only | 
1 invented in the English language a year or two before, 
13 I became involved in the Alaska Highway work. We did 
14 the first engineering tests on permafrost that had 
15 ever been done, I think it's fair to say, on this 
ila continent. I did those myself in those days, and that 
17 started my interest in permafrost problems. 
i Q Sir, you were also 
19 involved in the development of the townsite for | 
20 Inuvik. | 
ii A I had certain input jinco| 
a2 that through a firm called Foundation Engineering 
23 Company of Canada, who had a contract for design of 
24 utilities up there. 
Pde Q Were you employed as a 
26 consultant? 
Pa i A I was employed as a | 
28 consultant to them, yes. | 
29 Q And as far as your ex- | 
30 perience in pipeline projects generally is concerned, 
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BURNABY 2, B.C. Clark ,Hollingshead,McRoberts, | 

Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 
In Chief | 
will you run over those briefly? You were involved in 


| 

| 

the Trans-Mountain Pipeline in what capacity, sir? | 
| 

A Well, I was consultant | 


to Canadian Bechtel Corporation on geotechnical problems 
| 


for the Trans-Mountain Pipeline, and that was the first! 


} 
! 


| ' pipeline that the Bechtel Corporation had done engineer+ 
ing on in which they had had any geotechnical input 


as far as,I'm aware, and the Trans-Mountain Pipeline 





involved a real breakthrough as far as the industry | 





was concerned at that time. It was through very rough | 
mountainous country, and so they considered they should 
have some geotechnical input but I did this all ae | 


In other words, I was a one-man team, which is interes t- 
ing to see the development that's relevant to what's | 
| 
| 


going on here now, in that their work was done by one 





man. We had no borings. The special problems I looked 
ran river , 

at for stability problems, / crossings, I had some 
assistance from others, including Dr. Tom Blench, that 
has been mentioned from the firm of T. Blench & 
Associates. I got him interested in river crossing 
problems, as a matter of fact on the Trans-Mountain 
Pipeline, and so my involvement included all of the 


geotechnical work that was done on the Trans-Mountain 


Pipeline, and of course I've done periodically ever 





since, have done work on their system involving 
special stability problems. 
Q You were also, sir, 


involved with the Westcoast Transmission Company in 





connection with their gas pipeline? 


A My participation ther 


i 
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Clark,Hollingshead,McRoberts, 

STusarchuk ,Morgenstern, apd eed 

Hardy, Williams 

In Chief 
was much the same as on Trans-Mountain and originally 
was for Canadian Bechtel Corporation. 

Q And that traverses 
aqLtficult coumtry? 

A Yes, just, as. difficult 
really as on Trans-Mountain, but they came second | 


so that some of the problems were solved. 


Q Alberta & Southern 





Gas Company Pipeline, where is that located? | 


A Well, it includes the 





gathering system in Alberta, and some of that work 
was done directly for Alberta Gas Trunk, other items 
were done through Canadian Bechtel. | 
Q Then you acted in connec- 

tion with Pacific Gas & Electric Gas Transmission 
Line from B.C. border to the California border. 

; A That again was for the 
Bechtel Corporation an d involved special geotechnical 
problems, and even at that time they were not ever 
thinking about the scope of geotechnical work being 


what is being applied to the Mackenzie Valley Pipeline, 





or any @ the Arctic pipeline .vroposals. 

Q You were also, sir, 
involved with Alberta Gas Trunklines in the constructio 
of certain ' sections of their pipeline. 


A Yes, particularly the 


line that runs down through the foothills country 
from up north of Edson, actually, down through Edson 


and right down to Coleman. 
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BURNABY 2, 6.C. Clark, Hollingshead, McRoberts | 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 
1 Q Same kind of work again, | 
2 Dr. Hardy? . | 
3 A Same kind of work. 
4 Q And you have been engaged 
3 as a consultant of the proposed Shell Oil Sulphur 
6 Pipeline form Alberta to Vancouver? 
A Yes, that was a special 
8 project. | 
9 Q Is that still in the plan- 
10 ning stage? 
11 A Oh, I think it was shelved 
12 but it was active at the time and was -- they got to 
13 the point of actually preparing design plans. It was | 
14 fully designed, but they did not have construction | 
ts plans and that involved of course stability problems 
16 | and river crossing problems from Souttern Alberta | 
ay out to Vancouver. | 
18 Q Did they have a pons 
= A I think they got shot 
oy | down before the hearing, sir. | 
on Q I have a note that you | 
see are also involved in two other pipeline projects, the 
ae Northern Pacific Gas Line and the Great Canadian Oil 
es Sands, McMurray to Edmonton Ine. 
| A Well, yes, the Northern 
wt Pacific is a small gas line that runs from close to 
a Prince George, out to Prince Rupért and they do not 
ed have permafrost in there, but they have most other 
eS problems that you could possibly have of a geotechnical 
“au nature. The Great Canadian Oil Sands Pipeline rune 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 


from McMurray down to Edmonton and they have had 
one recent development that is of a geotechnical 
nature and that has -- we are handling that through 


been 
the firm with -- I have/giving it a certain amount 





of personal attention as well -- stability of slopes. 
Q Your synopsis lists 
a large number of other projects which I might call 


not associated with pipelines such as dams ~~ 


| 





A That is correct, sir. 

Q -- and so on that I wit 
not trouble to take you over with in detail. You ae 
also the author of at least 64 publications which 
we have listed. . 
A Yes, sir. | 
Q Thank you, Dr. Hardy. | 
I may move on now, Mr. Commissioner to the examination 
of this panel which will follow the synopsis that | 
I have provided to the Commission, my friends. | 


The first question perhaps 


inserted at my request, was addressed to Dr. 


" 


Clark and asks what does the expression "geotechnica 
mean? 
WITNESS CLARK: 


A I understand your 


request because the word "geotechnical does not 
appear in any dictionay known to me, but the word 


"geotechniques"does. And the word "geotechnical" | 


{ 


as we use it pertains to "geotechniques". In this 
sense it refers to the application of scientific 


methods and engineering principles, to the 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams -- In Chief 
acquisition,interpretation and use of knowledge of 
materials of the earth's crust to the solution of 
engineering problems. 

"Geotechnical" embraces the | 
field of soil mechanics, rock mechanics and engineering 
aspects of geology, geophysics, hydrology and related 
sciences. 

Q Could we just explain | 


these. What are “soil mechanics"? 


A Well, soil mechanics | 
is in essence what used to be what geotechnical | 
is now. We were all referred to at one time as | 


soils engineers. It is in eseence the understanding 
e 
BE era of soils, the mechanical behaviour -- | 


what we call engineering properties, such as strength, | 
| 


permeability, compressability. 

Q And why is that relevant, 
sir, to the construction of the pipeline? 

A Wella pants cular, 
this pipeline,one of the most relevant aspects of 
soil mechanics is the behaviour of frozen soil as 
we do cross extensive lengths of permafrost. It is 
also relative to such things as the stability of 
Slopes and foundations for structures. | 

Q And what in particular is 
the role of your branch of the science in connection 


with this pipeline project? 





A Well, the geotechnical 
engineers have been intimately involved with all aspects 


of the project which relate to terrain conditions. 
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SS oh MEE a Slusarchuk, Morgenstern, Cooper 


Hardy, Williams -- In Chief 
In the initial stages of the project involvement was 
: with selection of the arctic tests sites and the 
: development of test programs to be carried out 
: at these sites. The route location that currently 
5 


appears on the alignment sheets was developed by 
geotechnical personnel working in conjunction with 
pipeline location engineers .and others. 

Q What others? 

A Oh, they would include, 
geologists, hydrologista and the staff botanists, 
plant ecologists, biologists. Geotechnical engineers 
also deal with the analyss and design for river 
crossings and slope stability, drainage and erosion 
control -measures, frost heave, pipe/soil interaction 
and the foundations for compressor stations and 
ancilliary structures as well as roadways and air 
strips. 

Q Pipe/soil interattion -- 
I have a little trouble with that master ple What 
does that encompass? | 

A Well, this is the inter- 
relationship between the pipe and the soil,when the 
pipe is buried in the ground. For instance, where the 
pipe makes abend there is a certain stress in the pipe. 
At that bend there is what we call a reaction -- that 
is a force exerted against the . ground and that 
force has to be resisted by the wall of the ditch 
and we would assess the capability of the wall of the 
ditch to resist that force. It also involves burial 


-- depth of burial and the back fill requirements for 
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of the pipeline. WE are continuing geotechnical | 


BURNABY 2, B.C. Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 

: certain situations and so on. 

4 Now, the geothermal analysis | 

: and geological investigations carried out for the 

: project were also done by or in conjunction with 

2 geotechnical engineers. 

£ Q What is geothermal 

: analysis ? 

3 A Well, Dr. Slusarchuk, | 
i“ my colleague on the right, has been most intimately | 
_ involved in that for several yars and I would ask him 
ou to amplify on that. 
a | Q I do not want a 
13) great amplification, Dr. Slusarchuk. | 
- WITNESS SLUSARCHUK: | 
> A Geothermal analyss. 
oe and terms that we refer: to it involve measuring, | 
17 | analysing and predicting the temperatures in the | 
ae ground and the possible changes that these temperatures 
ay may undergo as a result of the construction of the | 
S pipeline and the ancilliary facilities. | 
a Q Now, Dr. Clark, were the | 
ee portions of this application or the pipeline dealing | 
23 with a geotechnical aspects prepared under your super- 
ee vision? 
25 

| WITNESS CLARK: 

a. A Yes, sir, by geotechni- 
4 cal personnel. Several geotechnical studies have been | 
. completed by the geotechnical group and their con- 
a sultants. In our view this demonstrates the St 
30 
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1 
studies in order to optimize’ the design tecimiques 
2 
that are now available. 
3 
Q Could you explain what 
4 
you mean by optimizing the design techniques? 
5 
A Well, briefly we feel 
6 


that we are now capable of designing the pipeline for 
virtually every situatinn that might be encountered 
from the geotechnical point of view. In many cases 
we feel that these current designs are over con- 
servative and thus fairly costly. During the next 
couple of years we expect that our ongoing work 
will result in a more optimum -- a better design, 
a design that would be more economical, and not a 
case of overkill. 

Q And is that what you 


mean by "over conservative"? A word that Mr. 





Scott might misunderstand? 

A Yes, they are very, 
very conservative, some of the designs that are now 
proposed and I think that we will probably deal in 
more detail with tlese aspects later on in this 
testimony. 

Q Sir, could you discuss 
the special considerations of the proposed pipeline 
which affect this pipeline here in the north from 
the geotechnical point of view? 

A Well, the special 

> geotechnical features of aes proposed pipeline 
relate to the extensive length that will pass 


through permafrost terrain and the operation of a 
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BURNABY 2, B.C. Clark, Hollingshead, McRoberts 


Slusarchuk, Morgenstern, Cooper 

Hardy, Williams -- In Chief 
system of temperatures below 32 degrees Farenheit. 
The first is not unique, however, because some 
gas pipelineshave been constructed through small 
patches of permafrost located in the Yukon and the 
Northwest Territories as well as in the Northern 
portion of Alberta and -- 

Q Can I ask you which 


those ask you which those are? 


A I am thinking particular 


of the Pointed Mountain Line, the Westcoast Transmissi 


Q Where does that go? 
From where to where? 

A Dr. Hardy could perhaps 
pinpoint that a little more closely because I believe 
he has -- 

WITNESS HARDY: 

A Yes, it runs -- 
well, there is no other geographical area that 
we can identify it by, sir. 


WITNESS CLARK: 


A It runs by Pointed Moun- 


tain. 

WITNESS HARDY: 

A --the Vernon River 
and simply runs to Pointed Mountain -- 

MR. GENEST: 

Q. Could you speak into 
the microphone, please, Dr., we cannot hear you. 

A There are no 


settlements that identify the beginnning and 
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3s end of that line. It is an extension of the 

2 Westcoast Transmission system up into the Territories. 
3 It runs across *a corner of the Yukon Territory 

2 and then on to Pointed Mountain in the Northwest 

3 Territories. I cannot give oot any better descrip- 

6 tion of that except that it is not very long. It 

7 is only about poems long, but it is an extension ee 
8 into the Territories of the Westcoast Transmission 

9 system that runs down to Vancouver and ties into 

10 the American system. 

i Q Are there other 
12 pipelines,you want to continue,Dr. Clark? 
13 WITNESS CLARK: | 
14 A There are of course 

15 other pipelines operating fot the past few years | 
16 in permafrost terrain in the U.S.S.R. in parts of | 
17 Siberia. 
18 Q Do you know anything 
19 about them, have you been able to gain any knowledge 
20 |. that is of any dependable sort fiom the experience 
21 of the Russians in Siberia -- I mean the pipeline 

22 experience of the Russians? 

23 A Well, we have some know- 
24 ledge of their esperience since there are formal 

25 | exchanges of visiting scientists ar engineers and 
26 members of the Canadian Gas Arctic ‘have visited 
27 Russia with the view to touring their pipeline 

28 facilities and even you now, I think it is later 

29 on this week, a group of twelve Russian scientists 


30 visiting our offices and our test facilities in Calgary. 
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They have shown particular interest in our 














- frost heave work. Also, I believe it is three 

: members of this panel -- Dr. Slusarchuk, Dr. Hardy and 
8 Dr. Morgenstern, were at the last International 

2 Permafrost Conference in Yakutskt and they took ad- 

. vantage of that opportunity to explore some areas of 

u mutual concern with pipeline engineers that they met | 
: ana I believe Dr. Morgenstern did arrange a meeting 
| there that was attended by these three plus others 

“4 to discuss some of these. I think in general we 

11 have not picked up a great deal of information. It 
be tends to be somewhat of a one way -- we seem to offer 
7 more than we get back. I think that is because 
oe | there is a wider separation with -- between the - 
> technical people there and the people attending 
as conferences or going on international tours, whereas | 
a here our people at the working level are involved in 
a the technical conferences and implementation of 
a2 design as well as development. 
oo Q Do you have anything to 
ze add to that, Dr. Morgenstern? 
Ze 
23 
24 

25 | 
26) 
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Slusarchuk,Morgenstern,Cooper, | 
Hardy ,Williams 
WITNESS MORGENSTERN: We did 

learn that the Russians seemed to be very interested 

in our control of temperature capability on a large 

gas pipeline. They seemed envious of that technology. 


We found that certainly they had envirable SEIS Ace tes | 
experience, pipding in permafrost; but by and large | 
we were disappointed in the amount of analysis and 
design and certainly environmental considerations, seepace 
and erosion control, drainage, that they implemented. | 
They seemed to be post construction in their | 
attitude and not pre-construction in the sense of | 
anticipating problems. | 

THE COMMISSIONER: Just before | 
we leave this, Mr. Genest, you said, Dr. Hardy, that 
Pointed Mountain was a pipeline 30 miles in length? 

WITNESS HARDY: Somewhat 
less than 30 miles, yes. 

Q Well, could Dr. Clark | 
or Dr. Morgenstern -- these pipelines in the U.S.S.R., | 
have they been constructed in areas of continuous 
permafrost, and if so, for what distance? Do you 
know, have you been advised of that? 

WITNESS MORGENSTERN: They have 
long pipelines. I can't tell you how many hundreds of 
miles, but long pipelines in continuous permafrost, yes 

Q Is that all we know 
about them? 

A Well, we saw some parts | 

near Yakutskt 


of them, /some parts were buried, some parts came out 


of the ground. The documentation that we were given 
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2 was pretty meager. We do know lengths, we know pressures 
2 and diameters, but detailed engineering performance has, 
“ been elusive so far. | 
“ Q Well, you propose to | 
2 chill the gas in this Arctic Gas pipeline? | 
2 A Yes. | 
7 Q Is it apparent to you 
8 where the Russian pipelines carrying gas are beneath | 
: the ground, in permafrost, the gas is in fact chilled ? | 
10, A They don't control the 
ns temperature, no. They -- the pipelines that we saw, 
Le any chilling would have just been natural, would 
13 pick up the temperature of the environment. 
a WITNESS HARDY: It should | 
= be added, I think, sir, that where -- | 
= MR. GENEST: Would you spell | 
Pi - that for the reporters? | 
18 WITNESS HARDY: Yakutskt, Jae 
| 
a I agree with what Dr. Morgenstern has said in 
eg his appraisal of conditions. The pipelines we saw 
zn were in the Yakutskt area and the geological condition 
wd are quite different than any we have in Canada, and th 
: run-off conditions are quite different. It is gets 
oe sand. They have no segregated ice. They have no ae 
= of frost heaving. 
4 Q rT see. 
2 A And in one stream cross- 
a ing we saw, they just floated across on the water and 
a let it freeze in the winter. They just don't have the 
= sort of run-off problems that we have. 
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Slusarchuk ,Morgenstern,Cooper, | 


Hardy ,Williams 

int Chien 

QO I see. 

A There are other areas 


in Russia, of course, further north and .west of 


Yakutskt where the conditions are more comparable to 


our conditions in the Canadian north, and quite differ-| 





ent from what we saw in Y&akutskt. But I saw nothing that 


would lead you to believe that their technology was 
far advanced as compared to ‘ours. Up to a point they 
were very co-operative in discussing their components, 
and they're as anxious to learn as we were. The main 
barrier was language. 

Q Dr. Clark, I've been 
asking you about the special features of the special 
considerations that affect this pipeline as opposed 
toothers from a geotechnical point of view and I 
think I interrupted you. 

WITNESS CLARK: A Yes sir. Well on this 
project one of the most important geotechnical con- 
siderations is the original temperature of the ground 
and the effect that the activities associated with 
construction and operation of a pipeline and the 
ancillary structures will have on these temperatures, 
and the consequent behaviour of the soil. A change 
in temperature, for instance, may cause soils which 
were originally frozen,to thaw, and other soils which 
were unfrozen to freeze. Now most soils, when they 
change from the frozen to the thawed stage -- or from 


the unfrozen to the frozen state, their strength, 


settlement and permeability charac teristics also change 


and these are characteristics that are of great 


| 
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In Chief | 
importance to us and their property changes must be 
taken into account in design. 

Q When you say "their 
settlement characteristics change" -- 

A Yes, for instance in 
ice-rich soil, when it thaws it will settle and it | 
will squeeze out water. That's compressability, 
really, is a property, a soil mechanics property; | 
the strength, I think, is fairly apparent because 
frozen soil will normally have greater strength than 
an unfrozen soil. | 

Q And permeability is -- | 

A Yes -- | 

Q -- the ability to conduct 
water? ! 

A -- that's right. 

Q And if that changes, what} 
happens? 

A It affects the properties 


and the behaviour of the soil. For instance, when a 
soil that is thawed then freezes, the permeability is 
substantially reduced. 


Q So that water can't 





percolate through that ground? 
A Yes, at much lower 
rates. 
We have obtained ori- 


ginal ground temperatures from more than 100 locations 





along the pipeline route, and in order to predict the 
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effects of construction and operation on the ground 


thermal regime, a computer -- 





Q I'm sorry to keep inter- 
rupting you, the "ground thermal regime" is what? 
That's not a political regime, i ee Le? 

A That's the behaviour of 
the ground temperatures, the changes in ground temper- 
atures that might follow a change in surface conditions, 
and so on, and in order to predict this, computer 
Programs have either been developed or licenced for 
use. Now the results of these geothermalstudies using 


computer programs, are then used in the geotechnical 





considerations of river crossings, slope stability 
analysis, drainage and erosion control, pipe buoyancy 
and frost heaving, right-of-way behaviour,in essence, 
all of the work having to do with frozen soil. 

Q Perhaps you could explain, 
or someone could explain how a computer program can | 
help you arrive at these -- what you're trying to arri 
at, I think, is a prediction of behaviour. 


A Yes. In order to design 


we must be able to predict, and again Dr. Slusarchuk 





has been working very closely in this area, and -- 
Q Will you explain ina 
few two-syllable words, Dr. Sluaarchuk, how this works? 
WITNESS SLUSARCHUK: Mainly 
as a result of our geothermal computer programs’ to 
assist us in predicting the temperatures in the ground 


and particularly to determine the position of the 
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freezing or the thawing front. Once you can determine | 


that, you then make use of that information in your 


standard soils work in order to design things such as | 


river crossings, slope stability, drainage and erosion, 


and so on. | 
Q What goes into the : 
computer? 

A The input to the computer 
-- the various perameters such as the thermal eee 
ies of the ground, the air temperature, the -- if we 


Ul 


are looking at a right-of-way cross-section for example 





we put in a pipe and thepipe temperature, in other words 
we model thermally on a computer exactly what we are | 
proposing to build and do in the field. | 

Q And these, if you didn't | 
have @ computer, would hae to be worked out by formas? 
I take it. | 

A Yes, ‘that's right, and | 
some of the problems are a little more complicated a 
the mathematicians have been able to work out solutions! 
for us, SO we make use of the computer in order to 
come up with these answers. 


Q Well then back to you, 


Dr. Clark. I was talking abou t' special considerations. 





WITNESS CLARK: Yes sir. 
Well, another area that requires special considerations 
is the river crossings because of the presence of 
permafrost in the banks and the valley slopes. Now 
in the rivers, however, the water which is above freez- 


| 


ing, precludes the formation of permafrost directly | 


| 
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under the beds of the larger rivers, even along the | 





Arctic coast. 
a) Can I stop you again 
there? You say they require -- what does the presence 


of permafrost in the river banks and valley slopes 





present, what special problems do you have? 
A Well, we must be able to | 


predict what we are doing would bring about a change 





in the permafrost condition,that might cause existing 





permafrost to melt, in that circumstance we must be 
able to assess the stability of that slope in the 
unfrozen condition. It's a special consideration be- 


cause it differs in this respect from the many hundreds} 


of river crossings that have been constructed in more | 
temperate regions. | 

Q And we're going to deal 
later on in your evidence with how we attack those 
problems. 


A Yes, we will be dealing 


with that in some detail. Another common feature of 





rivers of the north, particularly along the Arctic 
coast, is the occurrence of icings. These consist of 
thick deposits of ice which are caused by water under 
pressure being blocked by freezing, forcing itself up 
to the surface to the river and this again is a special 
consideration not encountered in rivers in more 
temperate regions. : 

Now since the Mackenzie River 
itself flows in a northerly direction, the ice breakup 


in the upstream reaches will precede the breakup in the 
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] 

; northern region by several weeks. As a result, major 

; ice jams can occur during spring breakup. This results 

: in a temporary increase in upstream water level and 

: introduces a possibility of river bed scour. 


Q Let's just stop there for 
a minute, Dr. Clark, because these so-called scours 


when I first encountered it, caused problems with me. 





We talked about scour and ice scour and ice gouging, 

could you explain what these phenomena are, how they 

are caused,very briefly? | 
A Well, scour usedin this 


sense is the deepening of the river bed by the flow of 





water, and it's associated wth an ice jam for instance, 
a dam is created, the head of water is increased Oesutee 
ing in a greater velocity of flow under the ice jam, ae 
it has a higher potential to pick up and carry river 
bed materials. 

Q What scours the bed, 
is that ice? | | 

A That is scour. Ice 
scouring, we generally refer to as ice gouging, but 
at a later stage Dr. Hollingshead will be presenting 
more detail on this, and perhaps illustrating Ph ath 
might be a little clearer with slides. 

Q. But just to satisfy me, 


when you speak of ice scour, we are talking about the 





action of the water which is forced down into the stre 
bed, it's not the gouging by the ice itself. 
A No, the gouging by the 


ice itself is something different. This occurs along 
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banks and so on and in shallow reaches that can gouge. 


All of these aspects of river crossing have been 





considered for river cyossing design, have been con- 

sidered for the major crossings. 
Now with respect to slopes, | 

again this is an area of major consideration. The | 


steeper slopes along the route are located primarily 





at approaches to river crossings. Along the rest of 


| 
the route about 95% of the terrain is flat to gently 
undulating with slopes less than three degrees. In 
general, the experience in the north has shown that 
Slopes of less than three degrees are stable, irrespec-| 
tive of the existing soil conditions. 

Q By "stable" you mean 

they don't move, they don't slide? 


A They show no signs of 


what we would call slope failure. However, special 
considerations must be given to the stability of ice. 
risk permafrost slopes which may thaw or may creep 
in the frozen condition. 

Q Now is that true of 
slopes even less than three degrees? 

A No sir, it would be over. 

Q Over three degrees. 

A Where they would require 
special consideration. Another atea of some concern, 


< 


| 
even though only a relatively short section of the oe 
and that is on the eastern flanks of the Richardson | 


Mountain, is in an area of moderate potential for 


seismic activity. The effects of such activity on the 
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stability of slopes has been considered. Now where 





slopes are on or adjacent to the right-of-way are 
considered to be marginally stable, and where slope 
failure may in the future effect the stability of the 
pipeline or cause some unacceptable erosion, it | 
will be necessary just to stabilize these slopes, or 
in cases where there's some question, to monitor and 
to determine if the slope does in fact require stabiliz-— 
ation. 


Q And you shall be 





dealing later on, sir, with the techniques that you 
have for -- 
A Yes, we'll be illustratin 


our slope stability program and some of the stabiliza- 


eo een Om 


tion techniques. 
Q Then would you go on 
with the special considerations? 
A Well, a consideration 
which is not unique, of course, because it applies to 
all gas pipelines, and that is the average specific 
gravity of the pipe is less than that of water. 
So there is a tendency for the pipe to float due to 
buoyant forces. in, areas where there 1s a potential for 
buoyancy such as at river crossings or across active 
flood plains, it's necessary to restrain the pipe, 
uSing the usual technique provided by weight around 
the pipe, by anchoring the pipe in the ground, by 
burying the pipe deeper so there is more soil above the 
Pipe to adequately weigh it down. 


Now inthe continuous permafrost 
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i zone, buoyancy may be controlled as well by flooding : 
3 the ditch, and by this I mean controlled flooding, | 
} in the winter to prevent the thaw from advancing to | 
F below the pipe during the summer period when it's not | 
2 in operation. That is the first summer following ee 
e StCLuction. | 
j Q Let me see if I follow | 
3 that. You're going to control the floating of the | 
3. pipe by flooding the ditch. | 
16 A Yes, it would be flooded | 
it at such a rate that it would not be buoyant. In other 
13 words, a portion of the ditch would be filled, it | 
3 would be allowed to freeze, and then if necessary, | 
1 more of the ditch would be filled. This imparts a higher 
| latent heat to it, it prevents the thaw front from | 
16 





| 
going below the pipe, and it also creates an add freeze 


between the ice and pipe to hold it down in place. | 


Q So it stays frozen, in 
other words? 

A It stays frozen, yes, 

Q You then get the floatin 
effect. | 

A Yes, and you don't get | 


| 


rapid infiltration with water then. You put the water 





in at the rate that yau want to put it in, and let it 
freeze. 

MR. GENEST: 

Sir, was.-it your 


intention t o have a break today, or to go right 





through till five? 


THE COMMISSIONER: Yes, we'll 





"Ss 
ny 
: es 


4 
a 






mae yeh nopialt% 
ewe rri 






. 




























+xOn ed yo yonayour 2 IOS 


, > | | 
q 9% Bellow ‘ween I aids ya bas oat : I, 
at 7 ah 


+ 





7 


+ pelonet te mesv? Wed? edd Jaevexq ot teat. 
2 tw foxlisq seta ens Bite ae sgiq eng peers “a 
bwoul ame feat? adg el JocT vio bapa AE 


) . 
) ety 
t ly - 
irao Oa t dion o1" uoOY ged? 
st1h e429 patbool? yd eqig 
>t A 

“a bluew 22 #689 6264 6 Aowve 26 
3 bal vow dodth ede te moleaed 6 ,#bz0w 
aoit bae .espes? of Bewolis od Bbluow 

Hmist te Bo ia? .berrit ed Bluaw angi and 4o sro 

: PRE 
wats o#f% etoevera 34 492 OF teond Jnedol 

eech offs tk Bne ,ogiq aft woled pratcy °F 
f 2b 44 Blot of egia One aol ont neswied 
& , ‘rl Os + 7 a 
febtew tedso 
. i) v 
. & ’ | A 
on is 
ie. j ri ¢ ( 
; | = 

: .foatts 


: - - AA 

Y cs ep | é ” _ ov, 

7 oe ) ve 

aD gegid sotew Asiw erent bias a " 

: 24 tm Of thew vey Py eset 
oa 


. ¢ TAAMAD AM . 
thoy Js = mt os 


Stipix op od te! Synteo Aeond & ave ros 


"Ti ‘ow \ Bay 


wee 





ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


2186 


Clark,Hollingshead,McRoberts, | 
STusarchuk ,Morgenstern,Cooper, 








Hardy ,Williams 
: In Chief 
take a break now, if you wish. | 
“ 
MR. GENEST: This is a good | 
3 | 
place forwit,,,. S12: | 
4 | 
THE COMMISSIONER: We'll adjourh 
2) : 
for ten minutes. 
6 
(PROCEEDINGS ADJOURNED FOR TEN MINUTES) | 
7 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) | 
g | 
MR. GENEST: Dr. Clark, just | 
9 
before the break you'd finished with the problems -- 
10 : eis, : 
or at least your description of the special considera- 
ll 
tion relating to pipe buoyancy. Would you move on 
12 
toi == | 
cls} | 
A Yes sir. 
14 | 
-- other areas? | 
15 | 
A A further geotechnical ! 
16 
consideration is frost heaving, which arises because | 
17 
the pipeline is to be operated at temperatures below | 
18 | 
32 degrees Fahrenheit. Pipeline from the Arctic coast 
pe!) 
| to about the 60th Parallel is operated throughout the 
20 
year below freezing temperatures, so that when the 
21 
pipeline passes through unfrozen ground, the potential 
oie) 
for frost heaving exists. 
23 
Q We had a little bit of 
24 ; 
that in the overview, Dr. Clark, but it might help 
25 


others, as it would help me certainly, if you just 
26 in general 





went over, what is the problem of frost heaving/as it | 
a affects a pipeline? 
fe A Well, from the Arctic 
ee coast and along -- let me deal first with the continu- | 
30 


ous zone. In the continuous zone there are small 
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localized areas of unfrozen ground. The pipeline is 





| 

carrying gas at temperatures below the freezing point 

of water, and this causes the ground around it to 

freeze. Wherever this happens, the potential exists. | 

The severity or the amount of frost heave that may occur 
| 

depends upon several factors, one of the most significant 

is the soil type, and others the availability of water.) 


Dr. Slusarchuk later will be dealing in considerable 


more detail with the work that has gone into assessing 


| 
this potential problem, and some of the design ice 
that are available. | 

Q The consideration then, | 
as I understand you, is the pipeline might be moved. 

A Yes sir. 

Q By @ movement of the soil 
caused by frost. 

A Yes sir. 

Q Do I understand that 
correctly? 

A That's right, and it's tht 
stresses in the pipeline associated with that movement 
that are primarily of concern. 

Q Right, Would you proceed 
please, doctor? 

A Yes, as I was saying, in 
the continuous permafrost zone there are only minor 
isolated areas of unfrozen ground such as the river 
crossings, but in the discontinuous permafrost zone, 


the unfrozen areas are present along the right-of-way | 





as well as at river crossings. Now the extent of 
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these unfrozen areas increases as one progresses in a 





southerly direction, so that a considerable amount of 
the unfrozen soil exists near the 60th Parallel. Now | 
in these areas ,if the amount of differential heave and | 
this is of concern, this is what imparts the stress, 
it's the differential, not the total heave, there has 
to be a differential heave to impart stress to the 
pipe. 


Q If you have a piece of 





pipe in one piece of ground that stays where it is, 
and another piece of ground starts to push the pipe 
up, then that imparts a stress to the pipeline. 


A Yes Sur. Now if we 
| 
determine that this has a potential to be excessive, 


preventative measures will be designed into the system. | 


| 





Now these measures may consist of surcharging the ground 
surface, for example, or replacing frost-susceptible 
soil with non-frost-susceptible soil. 

Q Just hold a a minute, 
doctor, what is "surcharging the ground surface"? To 
lawyers that means something entirely different, I'm 
sure, than it means to engineers. That's a no-no, a 
surcharge. 

A Well, it's -- in engineer 
ing it's a very useful technique in several aspects of 
engineering. What we are doing is placing a greater 
load on the pipe. Our studies have found, as Dr. 
Slusarchuk will show later, that the rate of frost 


heaving is substantially reduced as the load at the 


freezing front -- that is the bottom of the frost zone 
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7 In Chief 
3 as that increases, the rate of heaving decreases 
: substantially. | 
, Q So surcharging is putting 
| 
Z more stuff on top of the pipe? 
A Yes sir. 
6 | 
7 ; Q All right. 
5 A Now other techniques, as 
dil I mentioned, in order to have the formation of ice 
aL lenses, it must have water so another technique would 
ry be to inhibit or restrict the water from migrating 
b through unfrozen soils. These are techniques, of course, 
‘e that are used commonly in the seasonal frost problem | 
| 
i as well, this technique of inhibiting ground water flow. 
te Another method, of course, is | 
Ve to reduce the heat flux away from the frost front so 


that the amount of water that can be frozen there is | 
minimized, and Dr. Slusarchuk will provide details on | 
all these aspects later. 

Q Will you tell us what 


the heat flux is? 


A Yos ‘six. 
Q Tell us now. 


A I don't want to detract 
from what he might want to say, but the heat flux fos 
actually the flow of heat through any given area. 
Lfivthat: clears. it? 

Q Not really. Well now 
how are geotechnical considerations affected by 


environmental concerns? 
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Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper, 


Hardy,Williams 

1 In Chief 

Now the environmental and geotechnical groups at | 
> 

Northern Engineering were merged in March of 1974 and 
3 

they have been operating under my direction. There is | 
4 

a considerable inter-relationship between biologist, 
3) 

plantecologists and engineers in matters of mutual 





concern. Environmental consultants and staff biologists 
have participated in route location, feasibility studies, 
and special studies relating to specific engineering | 
requirements. A major segment of the environmental 
program that has been carried out to date has been a 
collection of baseline data which provide a better 
understanding of the eco-systems along the route and 
form much of the basis for addressing environmental 
concerns in final design and in assessing impact. 

Now examples of inter-disciplin- 
ary studies include the assessment of borrow areas and | 
rehabilitation schemes, as outlined in our report, | 
pipeline related borrow studies of Mazh'74, also the 
development of preliminary designs of river crossings 
as described in our report on preliminary design of 
river crossings of July, 1974 and December 1974, and 
one of the reports that you filed this morning is an 
inter-disciplinary study of the borrow pit operations 
along the Aleyeska Pipeline route carried out by a 
geotechnical engineer and a fish biologist. 


The development Of drainage 





and erosion control measures, as they appear in the 


< 


and 
alignment sheets, are described in the application is 


another example of inter-disciplinary approach to design. 












Sy, tte .easp so? Md | 
eine 20 OM pee f 


a) 5 Q a 7 


im eCvotp so tAaeMagE : bres taeanosions » “2 ‘ 


_ 




























7 
Bor 400 io t8M ats teen saw orizresatpat | meet: 









aye ot: . rib ym tek) putseteqo meed eysd yor | 

4 ge tev tel cobs altinnotgeiea~1es ot ‘eldexebienoo 5. 7 
; ; Cantar 1etzen af exzeehione has sJeipofooednsiq | 

every . 2ooutinanos Istnamnotived «.rre9moo | | 


iv 
»#s1b: [tddeae otzesot sitvoy al Bsteqicoijisg even 


. i valtalet eetbyse Isiocege bas 
| eo ; > dtempee sOtema A -Binemetiups2 
| 5 ao P! eiziso eed ead Sead marpoig 
. stem antisead to noiszoslios 
. Afucr 2 nols emateve-eoe arid Fo prfLbhns? we shaw 
3 atesad ads to dowm mol 
sane of One apieeh tenia? ak enteonos 
omit tat: } » aelomese wou if 
F Saou wi to Jmemeeesesa octt ehulonl setbhoge) yrs — y 
, dane () Beetigue as .eemedvoe smoljisscilidsdet 
ots ,bv tee 2a eeibusa wor rod. betsiex enilegtg 
) tevin 2 wieeh yranimifetg 20 Jdnemgoleveb 
| S&S wmisaaimilswy ae siggex awe ar hedkroeeb ee - | 
| bis STOEL .ylut to epateeorn zines 
ae ron aid’ bell? woy sad? eaveqes ontg to enw 


| ! xsxod afd To vhus cimabtqivedd-ratak. 
| 
| K 1a. tuo Ded S9 oetvo7 eaiiacly 6AD sysiA ot ods pao 
tninoleid del? n bre ae oetosr 
1 Ae ' ed 
alk : 7 
oats nl eal yous es \Ro7ueRom ova a | ors bas 








agscleth 7° agengolereb, edt 


ai piskoeek aad: ons ni boattogeb. oak .ate aoa me 
i oz fomonege visa! igivarboaesnd ro. 


—, 





ALL WESTARIEPOR TING LTD. 
BURNABY 2, B.C. 








eae 
Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern Cooper, 

Hardy ,Williams | 

ine Chies 
Several meetings between design engineers and environ- 


| 
mental consultants have been hdd on this subject of 
draining and erosion control. 
{ 
Q This drainage and erosion 
| 


control, is that -- does that have just an impact on 
the integrity of the pipeline, or does it also have 


other consequences? 
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eg ee NO ED Clark, Hollingshead, Menabactel 
ie Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 
: | 
A There are other | 
Z consequences. I think the development, design of 
. drainage and erosion control measures is of eee 
? importante to the pipeline owners since the integrity 
? could be affected, but it is also important to pre- 
| 
ef vent siltation occurring in rivers or denuding of | 
| 
: certain areas if the measures are not properly 
. designed and implemented. 
Now, another example of our 
he “engineering and environmental interrelationship 
a which provides means of identifying environmental 
a concerns is interdisciplinary field reconnaissance 
a of the route and the ancilliary sites. Several 
id of these have been made in Alaska and Canada and more | 
tS will be made as required for final design. | 
7 | 
aa Q Interdisciplinary means | 
tF that you have more than one kind of expert going 
soa dong on a trip? 
ad A Yes, sir -- 
a Q Right -- 
21 
A For example, we have 
- recenty had a -- or late last summer we had | 
a a reconnaissance of Alaskan portions of Canada where | 
24 : ’ . : , 
wehad a wild life bidogist, a fisheries biologist, 
25 ‘ . 
an ornithologist, civil engineers, geotechnical 
26 ant | 
engineers and so on. 
27 
Q Will you require more of 
28 : ‘oe 
these for the final design stage of the -- 
29 
A Yes, we would 
30 


expect to be looking particularly at such things as 
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AOS aE ie ais Clark, NOllingshead, McRoberts | 
, Slusarchuk, Morgenstern, Cooper 
Hardy, Williams --- In Chef 
1 borrow pits. The environmental consultants have looked 
2 at our strip maps and at the development plans that 
3 we have illustrated in our report and they have 
4 advised us now to some extent on the sensitivity of 
5 these and this will require further field reconnaissancd 
6 to confirm what the potental for environmental con- 
7 cerns is at those areas. | 
8 Q Now, couldyou -- I 
2 would like to move on now to the subject of the 
10 studies in your field of expertise that were under- 
a taken by Arctic Gas or by your organization for Arctic 
12 Gas. 
13 A Well, we can perhaps 
14 for convenience classify the studies into three 
15 separate groups, each of which includes several func- | 
16 tions. | 
17 These are, number one, the | 
18 field studies and these studies have concerned them- 
19 selves with terrmin and geological reconnaissance, 
20 the test drilling and the hydrological and river 
21 engineering studies. 
22 The second would be office 
23 Studies, again, which concerns itsdf with terrain 
24 studies, the geothermal studies, the hydrological and 
25 river engineering studies and studies of special 
26 terrain problems. — | 
27 The third grouping would be 
28 the test site studies, and these include meteorological 
29 studies, geothermal studies and again special terrain 


30 problem studies. 
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pip Le alll Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 
1 Q And these are all 
2 described in what we filed at the beginning of | 
3 your evidence as an exhibit that was Appendix AS jean wee. 
4 the summary of your evidence? 
S A Yes, sir, they were. 
6 | Q I would like to move 
7 to the test sites, Dr. Clark. Would you pelase | 
8 describe the test sites that were established to 
9 gather geotechnical data. 
10 A Yes, sir, pipeline 
1] research facilities had been constructed and operated 
12 in three locations in the northern regions 
13 of Canada, in Alaska, in order to gather the data | 
14 and gain experience which would assist us in the 
15 design of a reliable, safe and environmentally sound 
16 | pipeline system. The location selected for these | 
17 studies were Prudhoe Bay in Alaska, Sans Sault 
18 Rapids and Norman Wells in the Northwest Territories. | 
19 The test sites were carefully selected to provide 
20 permafrost and terrain conditions which were 
21 representative of considerable lengths of the pro- 
22 posed route. This realized that the pipeline would 
23 encounter terrain units and conditions different 
24 from those that could be selected at any given 
at site. The site conditions selected tended towards 
26 the more difficult end of the possible range. 
27 Now, Since it was not possiblle 
28 to gather data on the complete range of geothermal 
29 and meteorological conditions along the proposed 


route at the test facilities, a large number of remot 
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BURNABY 2, B.C. Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Wiliiams -- In chief 
‘ ground temperature measurement sites were established | 
: along the right-of-way. | 
| 
: Q Just about how many -- 
can we name that number? | 
2 A There was over a hundred, 
| sir, I think that it is about 115. 
i : 
Q Right. —— 
: A Now, 2 fourth test | 
9 ey under ; 
facility was built and it is currently/operation in 
— Calgary, Alberta, in order to study the frost 
a effects caused by operating a buried,chilled gas 
= pipeline in unfrozen, frost susceptible soil. 
md Q Mr. Williams, I believe | 
me that you were the -- in charge of the SangSault | 
ei project, test facility? 
- WITNESS WILLIAMS: | 
au A Yes, (six. | 
18 : 
Q What was your function 
1 . 
| in regard to that? | 
a A I was a resident engineer 
2 A prone ae 
: on the construction of the San Sault facility, lookin 
eZ : ‘ 
after the interests of the Northwest Project at that 
23 ‘ 4 : . 
time. The site itself was constructed by Banister 
24 
Construction under our general supervision. 
25 : 
Q I wonder, sir, if we 
26 : 
could have the benefit, I understand you have 
a7 
got a little slide show for us to illustrate that 
28 ; aes : 
facility, what it comprised, how it was constructed 
29 | 
and so on. 
30 ; 
A Yes, Sit. 
{ 
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BURNABY 2, B.C. Clark, Hollingshead, McRoberts | 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 


Q And I wonder, Mr. 





Commissioner, if I might ask the witness to give a 
presentation on that site. 

A Mr. Commissioner, before 
looking at a few slides that show what was constructed 
at San$Sault, I would like to first briefly outline 


why the test facility was constructed, the criteria 





or requirements of a suitable test site and how this 
particular site was selected. 

We constructed the test facili- 
ty because we wished to reciey the cnilled gas concept 
to show that with reasonable construction care and 
disturbance restoration, natural gas pipelines-- 
to show that with reasonable construction care and 


disturbance restoration, natural gas pipelines can 





be constructed and operated safely in permafrost 
conditions without adverse affett to the environment. 
We wished to provide a means of field verification, 
of computer programs designed to predict changes 

in flowing gas temperatures and soil temperatures 
around the pipeline. We wished to provide a means 

of studying methods of restoring the backfill 

and right-of-way aver disturhance by pipeline 


construction. 


We wanted to study the pro- 


blems that might be encountered between the time 


the chilled gas starts flowing in the pipeline. 
We wanted to better understand northern construction 


| 
| 
| 
| 
of construction and the time of operation when 
problems, including weather, transportation, logistics, 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 
communications, et cetera. 

The criteria that we ueed in 
selecting the site were: it must be located in the 
permafrost region, perferably the discontinuous 
zone where high ice content soils could be most 
difficult. The site sshould have a diversity of soil 
and ice content conditions within a small area. 
It should be near the Mackenzie River which provides 


a means of transportation for heavy construction 





equipment and is representative of the conditions 
through which a large portion of the actual pipeline 
will be located. The site should be near a source 
of gravel for road and Paciiine |coneernet onr 

r And the methots we used in. di 
selecting the location were: through route reconnais- 
sance by aircraft and the study of aerial photography 


by Dr. Mollard and others, five potential sites were 





selected. A soils drilling investigation program 
was conducted in June 1970 on the site considered 
to have the most potential and as conditions were 
found to be satisfactory, the. search was discontinued. |, 
The Sans Sault Test Site 
is located on the west side of the Mackenzie River 
between Norman Wells and Fort Good Hope about 70 
miles south of the Arctic Circle. It is near the con- 
fluence of the Mountain and Mackenzie Rivers and 
near SangSault Rapids. 
hows could we have the 


first slide, please. 


This first slide was taken 
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Se PAM eG | 
1 in late March of 1970 on a reconnaissance trip to 
2 inspect the potential site. The Mackenzie River 
3 along here, the Mountain River coming in,in hre, this 
4 is known as Bast Mountain. There are several thermo- | 
5 karst ponds and lakes in the area, a couple of <r 
6 | cuts that were one to two years old and awinter 
7 trail down here that was 15 years old. | 
8 The next one please. | 
9 This is the same area looking 
10 in the other direction. The Mackenzie, the Mountain 

ll River, more seismic cuts, thermokarst ponds and the 

12 Sans Sault Rapids are over about in this ‘area. And 

13 this gives an idea of the winter vegetation at the | 
14 site, very sparsely populated black spruce, some of | 
15 | 








thse small trees only a couple of inches in diameter | 
could -- can be up to a hundred years old. Here | 
again the Mackenzie River and East Mountain. 

Next, please. 

And this is another view of 
the same area after construction and I would like 
to first briefly outline what was constructed and 
then we will go back and see a fewslides of how it 
was constructed. 

Again, the Mackenzie River, 
East Mountain, the fuel storage facilities. This is 
the camp area, living quarters, our utility building, 
this is one of the seismic cuts that you saw in the 
previous picture. This is more fuel storage here 
and this is our equipment area, the power generation 


equipment, the refrigeration equipment, the compressor 
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in the middle here. This is the cycling circuit -- 
we will get into a bit of detail of that ina 
minute and I am going off the picute,in this area 
is what we call the cold circuit and there are 


gravel roads of course around the two circuits. 
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Fahrenheit. Normally it operated at 25 degrees 


Hardy ,Williams 
In Chief 
1 This is a view of the compres-| 
2 sion equipment, the compressors to circulate the air | 
3 to the cyclingcircuit, and inthis other building the 
4 compressors for the cold circuit and ieee oil aaa 
5 council in between. Next, please. | 
ey This is the back of the | 
| compressor station that we just saw. This is the line | 
8 running out -- I'm sorry, the far one, this was the | 
9 line running out to the cycling circuit, and the line 
10, on this side is the return line, so the air coming 
11 from the compressors comes to a "Y".. branch here, 
12 and can go through the chiller or the heater. This 
13 is a refrigeration unit that cycles chilled freon | 
14 to the chiller for cooling the air, and there is a | 
15 heater built in that cycles hot glycol through the | 
16 heater for warming it. These were usually used in | 
1? combination to give us a little better control. | 
18 Next, please. } 7 | 
19 So this is,then, the circulat-— 
20 ing -- I'm sorry, the cycling circuit, the chilled 
21 air from the compressors that we saw comes along this 
22 elevated 16-inch insulated line to a buried section 
23 of 48-inch pipeline along here, through some more | 
24 elevated 16-inch connecting lines, and about 500 feet | 
ee of elevated 48-inch pipe here, and back into the 16- 
26 inch insulated line to the Compressor Building. Now 
27 we call this the cycling circuit because periodically | 
28 the temperature in this buried section of 48-inch | 
29 line was raised to a temperature above 32 degrees 
30 | 
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Hardy ,Wiliiams | 
1 _ Inf Ghiee 
Fahrenheit, but periodically we took it up to 44 @grees 
é Fahrenheit, and of course, when the temperature gets 
3 above freezing, thawing begins and with a gas pipeline 
4 with the thawing and the generation of free water, 
2 the pipe would start to float. So we installed this 
6 hold-down housing over the pipe, and I'll get to that | 
in a minute. The elevated section was installed just | 





to determine what problems might be encountered if that 
| 
mode of construction became necessary. In our present | 


plas,we do not plan any construction in this elevated 


mode except for a few sections near the compressor 





station. 

This, of course, is the living 
quarters, the sewage disposal plant, this line along | 
here was excavated for the -- during a ditching test | 
and no pipe was put in the ditch, and so the spoil 
material that was returned to the ditch line, it ciawed 


and caused a compression -- I'm sorry, a depression, 





that probably wouldn't have happened if 48-inch 
pipe had been in the ditch. This little thaw area, | 
we stripped some vegetation off for our research | 
eeborenh and ie REPRO S started developing and 
then+weerilled it? with, woods chips’ =- yourcan see the 
beginning of the wood chip installation here. We fille 
the whole area with wood chips and pretty well slowed 
down the development. 

O.K., we'll jst get back to 
the hold-down arrangement over the buried 48-inch 


pipe, please. This is a diagramatric view of the 


hold-down arrangement, the 48-inch pipe buried with 
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about three feet of cover over natural ground level. | 
We installed piles here that go down much deeper than 

this diagram indicates, on each side of the line, with 

a cross-beam structure over-head, and a saddle over 

; | 

the pipeline connected to a centre column, to control 

the floatation. Next picture, please. 
This is a picture then of the, 
arrangement, one of the piles. The other one is out 


of view here. The centre column holding the pipe down 


and these steel blocks here, they were just tack- 





welded together and when we wanted to conduct a 
cycling test, we knocked one of these blocks out and 
allowed the pipe to float to the extent of the 
thickness of the steel block, and there were four of 


these arrangements on the pipeline. I might mention | 


that when the temperature was raised to 44 degrees 


| 


in the summertime, we got floatation within a matter | 





of three to four hours. In the wintertime, of course, 
that was a little bit slower. Next picture, please. 
This is the cold loop, the 
cold circuit where there were three 500-foot sections 
of 48-inch pipe buried in this configuration. We 
followed -- I'm sorry, again inter-connected with 
16-inch insulated lines. The temperature of each one 
of these buried sections was controlled in dependentl 
-- Section No. 2, of course, was controlled with 
refrigeration and heating equipment at the main 
facilty. This one was controlled by the heating and 
chilling facilities here, and more heating and chill- 


ing facilities here. During the first year of 
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operation, the operating temperature to this section | 

was 28 degrees Fahreheit, Section 3 was 25 degrees ! 

| 

Fahrenheit, and Section 3 was 22. The second year | 

Of operations, we changed that to 9 degrees Fahrenheit | 

7 degrees Fahrenheit, and 5 degrees Fahrenheit. The 

reason for: changing the temperature was partly to | 
determine the effect of the lower temperatures on 

vegetation, and partly to induce more severe stresses 

into the buried pipeline. I should mention here that 


the ditch flooding that Dr. Clark referred to was done 


on these three sections. We partially -- we dug the 





ditch, installed the pipe, backfilled the pipe to 


about the top of the pipe, and then hauled water from 


| 
tne Mackenzie and put.1t in, the ditch. ,The.main, reason 





we didit here was because,if during the summer the 
pipe floated, well then the test would be all over, end | 
of report; so we wanted to make Eee that it stayed | 
in the ground, and we found this method of ditch- | 
flooding very successful. 

The soil conditions in these 
three sections in this area, there is an anomaly here 
of very deep organic material, as much as eight or 
nine feet deep, with ice content up to 90% by weight. 
This section had two to three feet of organic cover 
over siltic clays, with ice contents in the 30 to 403% 
by weight, and the third section, particularly near ee 
top of the knoll, was in a silty sand condition with | 
ice contents in the 10 to 20% range. There's a 


buried section on the cycling circuit that's out of 


the picture here, they were fairly high, too, in the 
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=="oh, 30° to, 40% range. Next picture, please. 


| 
This is just another view of 
the coldycircuit,, the icvoling cireuit. You netice the 
Slight difference in elevation here. This general area 
on the top of the knoll in the silty sand condition 
with lower ice content than the material in the -- below 
the hill. This clearing along here was to do a snow 
road construction research project. The right-of-way | 
was cleared by hand, and we tried to -- if any of you | 
have been there, you'll notice that the terrain is a 
hummocky and we'll talk about that later. 
test here was not too successful because we didn't < 
the proper equipment at the time. Of course we've done 
more research since at Inuvik and have found methods | 
that we feel we can construct an adequate snow road 
but anyway, many passes of equipment were made over 


this section, and very little damage was done to the 


right-of-way. Next, please. 

This is again a cross-section 
Giagramatic cross-section of the pipeline to illustrat 
where the 48-inch line here, to illustrate where the 
temperature readings were taken. Each dot here 
represents one temperature censor above the pipe, 
at the side of the pipe, below the pipe, again farther 
out to the side, and a reference string out fatther. 
The temperature dials were installed in plastic pipe 
so as to keep them in position with windows cut in 
to get a true reading. Each one of the buried sectiong 


| 
had four rays of temperature censors like this, making 





a total of about 550 temperature point readings in 
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1 the system. Each diodefoint was connected by wire | 
2 back to the control room, and the temperature could ! 
3 be called up at any time and get a print-out of the 

4 whole set of readings on a teletype print-out. Next, | 
) please. | 
6 O.K., that's briefly what em 
7 built. Now let's look at a few slides as to how it 

8 was built. This picture was taken in about late 

9 August of 1971, construction had started. You see 

10. the gravel roads here, the heavy equipment was brought 
11 in by barge on the Mackenzie River, the temporary | 
12 camp facilities in this area and the gravel for the | 
13 roads and the facility pads were taken from the shore-_| 
14 line of the Mackenzie River along here. Next picture, 
15 please. | 
16 | 
L? | 
18 
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Slusarchuk, Morgenstern, Cooper 
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This was taken about the 
same time showing the extent of construction in 
August, the road coming up from the river that we 
saw previously, the fuel facilities, this is the 
gravel pad for the living quarters, the main 
equipment facility pad, the rights-of-way here were 
cleared by hand and the brush was laid in the middle 
of the clearing and the gravel in dumped by truck 
onto the brush. 

The only work that was done 
in the summertime of course was what could be done 
on graveled surfaces, no pipeline construction took 
place in the summertime. 

Next please. 

MR. GENEST: Before you 
leave that one there is that long water ditch 
there. What is that? 

A Yes, sir, that -- 

Mr. Genest, that is one of the seismic cuts that we 
Saw earilier. It was probably done a t a time before 
the new landuse regulations came into effect and the 
vegetation cover was stripped off and you can see 


that some thermal degradation is taking place along 


the cut. 

Q It was badly done 
then-- 

A Those are your words, 
sir. 

Q I cannot give evidence, 


at least not yet. What do you say? 
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A More care could have 
been taken, certainly. 

Q Right 2a 

A Next please. This is 
another shot of the same area at the same time. We 
have a drilling rig here for installing piles. You 
can see that some of the piles have been installed 
in this area. The pile installation was done by 
means of drilling a hole a little bit larger than 


the steel pipe that we use for piles. The steel 


pipe pile was installed in the hole and the 


angle is between the outside of the steel pile 
and the wall of the hole was filled with a water 
mineral soilslurry and was allowed to freeze in. 


The next picture please. 





This shows one of the drilling rigs that we used, 


it is an augertype drill. This particular one is 





mounted on a soft track low ground pressure bearing 


vehicle. Next please. 


In the wintertime,this is 
the same drill rig in the wintertime. We mounted 
a canvas canopy over top of the drill rig and the 
walls of -- the canvas walls can be lowered and you 
can put a little heat in there so that the workmen 
can go on with that process at very low temperatures. 
This .one was taken on a bright, sunny day. 

Next one, please. | 
And as we mentioned earlier, no pipeline ee aceon 
work started until a frost had set in and this 


shows a picture of a sideboom picking up a joint of 
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48" pipe. This particular shot is on a gravel pad. 


: 
| 


| 


The, next one, please. However, 


this one is out on the right-of-way. There is no 
gravel pad but you can see that with the compacted 


Rrotection.¢ 


snow a goo the vegetative cover can be 


achieved. 

Next please. Another 
similar picture of the side boom picking up the 
joint for installation. It is a very cold day. 

We found that work could go on to when temperatures 
got down to -35 to -40, but we did experience 

days colder than that and most of the work on those 
days were restricted to what could be done in the 
utility building or inside. The lowest temperature 
I think we experienced that winter and this is in the 
winter of '70 - '71 was -63°F. This is the gravel 
road beside -- well, I think Section number 

2 the ditch has been excavated. Next, please. 

This just illustrates the 
canopy that was constructed, the canvas canopy over 
the welding operation. You can see the light | 
from the welding operation. A simple cover 
like that allowed work to go on in very low tempera- 
tures. Next, please. 

And this shows the ditching 

operation. IN 1971 this was one of the largest 
ditching machines in North America. There have 
been larger one s developed and constructed since 


this time, but certainly when this was in operation 


we realized that although it could ditch permafrost i 











| 
| 
: 
| 






| 
| 


| 
| 






: 7 


ree 
7 


_—— 





ahi sits a *y 
+oqu 52 ree. fenspx M : 
ry =~ Bie Bs i) 


yr) 


-' 


dn 


w 


net Le 


oie. 


i i Ja0ztsmis7 othe — i 


a 


tipix efit no tuo ef emo eins 


2a8 4169 voy sud beg Lovetp 


= ot ; 


> Bas bedoleveb a Sho. x00 sion ee 


a aaa ¢ 
se ee _ 


eked f£txsq 2ziaT 























‘ony 






@ r - 
.sqig "BS 
pi | 
a4 ye if 


~ «+ is 


MISO Togs swore pee 


Seveiros . dua 


trhited  ypilisp 


~ @bieed bsot 


ed eeu Aotlb ody & 


2 vaw Jedi yqonso 


oLteteqo pribiow an? 


bewolis tact eal — 


. aetu? = y 


7 a 
+coldnzege 


5 ae Sal aaa | 


gekelq ,Jxev 


utde netlw yidissies apibns mt - td 


ara 
puotsis tai oe LL, 2 


_ 
a 


a 


ALLWEST REPORTING L-TD. Clark, Hollingshead, McRoberts 
BURNABY 2, B.C. 


i> 


oa) 


fon) 











2209 


Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In chief 


really was not adequate for a project of this magni- 
tude so we did promote the development of larger 
machines. 

Next please. One of the 
most difficult problems that we have had are the 
teeth that have to excavate the frozen material. 


They are subjected to pretty hard material and we 





have done a lot of research and development in the 
ditcher 2 area and we think that we are very close to 


having the problem solved now. 


Next please. Another picture 
of the ditching machine with the material coming 
out on the conveyor belt. You notice that it is 


pretty fine, fine material. It is well suited for 


backfill purposes. 


Next please. This is a 


section of the ditch showing geotechnical technicians 


and engineers in the ditch. They are logging the 
material in the ditch wall. We thought it was im- 
portant to know what was in every foot of the 

ditch so that if problems developed along the line 

we could tie the problem back to the type of material 
in that particular area and hopefully come up with a 
solution. 

Next please. This is a 
diagram showing the type of log that they came up 
with .on one section of the ditch wall. The top 
layer here is organic matter. Lens of clay in here, 
silt, here and the black spots here are solid ice, 


probably remnants of ice wedges that do not come 
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quite to the surface. 


Q Where is the pipeline -- 





A The bottom of the pipe, | 
Mr. Genest is along thisiline in here but before.-~- | 

THE COMMISSIONER: Is that 
lina on the level -- your pointer is wigwagging. 
The line is on the level I take it. 


MR. GENEST: He is a 


bad pool player. 





A It pretty well follows 


the slope of the Rees esate Mr. Commissioner. | 
Now, that the question has been brought up I might 
ask why -- how do we know what material is likely 
below the ditch line, the bottom of the ditch and | 
before the ditch was constructed we put in a | 
drill hole at ten foot centres down the centre of the| 
ditch line and cored and logged the material in : 
each drill hole so that the information showing 
below the bottom of the ditch is by inference rather 
than by ditch log observation. 

Q Weld) a. thank, Mx. 
Williams, the Commissioner and I are having the 
same trouble. What we are trying to get at -- there 
is a straight line in the middle of each of those 
diagrams. Is that the bottom of the ditch? 

A Well, for instance here, 
Mr. Genest, the heavier line above is the bottom of 
the ditch. The dighter line below is a horizontal 
line that depicts the elevation of that at that 


level. 
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Q So the bottom of the 
ditch fluctuates a little bit, does it? 

A Minutely. It tends 
to follow the topography = 

Q Phe top of the ground? 

A Yes, sir. 

Q How ‘do you get it 
straight and flat when you lay the pipeline down? 


Or is that a question I should not ask? 


A Well, it certainly won't 


-- the bottom of the ditch will not all be flat 
-- but it will be fairly uniform because the right- 


of-way surface will be prepared with compacted snow 


to give a fairly even surface, not necessarily flat in 


the mean of horizontal, but it will be even and the 
ditching machine will,in most instances:dig a ditch 
that conforms to the surface. Now, the ditcher does 
have some capabilities of deepening or shallowing 

the ditch that it digs, but in normal construction 

the bottom of the ditch fairly closely follows 

the contour -- the surface contour and the bends that 
are caused by the surface contour are taken yp 

by bending the pipe to fit the bottom of the ditch 
that is constructed. 


Of course, in southern 


pipeline work a lot of grading is --right-of-waygradin 


is done to make this a fairly flat surface on top 
to work from. In the North of course we will not be 
-- in ice ridge permafrost conditions we will not 


be abe to do that and so we have to do the best we 
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Hardy, Williams -- In Chief | 
1 can with snow cover to make a relatively even surface | 
2 so the ditch is not going up and donw like this but 
3 it certainly will hve some bends in it. | 
4 Q And then you bend the | 
= _ pipe to fit the bottom of the ditch? 
6 A Yes, sir. 
7 Q Did we cover that, 
8 Mr. Commissioner? | 
: THE COMMISSIONER: Yes, 
10 thank you. 
re iN This is a close up of 
12 the aden wall showing segregated ice in one lo- 
13 cation. You can see -- this is the ground surface, 
14 so this is probably 12 to 18 inches down here and 
15 some of this ice -- at least some of this ice will | 
be thawed in the summertime and in the part of the 


active layer. 


Next please. This is a 
slide that showsssome of the deep organic material 
that I referred to earlier, the brown is organic 
Material and this -- the grey -- is mineral soil. 

Next please. I threw this 
one in because probably quite a few of you have 
tramped , around various lotations in the north and 
found the terrain real rough and hummocky and this 
shows a cross-section of a hummock. They vary in 
diameter from 6 to 16 feet or more. Very fine mat- 
erial has migrated to the surface and a considerable 


amount of segregated ice underlying. 


Next please. More segregated 
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1 ice in the ditch wall, this in a mineral soil condi- 





2 tion. . 
3 Next please. Another 
4 section of the wall showing deep organic material. In 

5 one section the ditcher machine went through a log 


6 that was about 8 or 10 inches in diameter buried at abont 


7 a depth of 8 feet and we took a piece of it and had 





8 it carbon dated and found it to be about 3,900 years 


9 old. 
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1 This is the right-of-way 

2 after construction has been completed. Notice there's 

3 a fairly substantial mound of excess material along on 

4 top of the buried 48-inch pipeline. This is the inter-' 

3 connectiong 16-inch insulated line. This is the cantrough 


that carries the power line and signal cables for | 

temperature censors and so forth. Next, please. | 
This is a similar picture, 

in the spring following construction. You can see that 

moskx of the excess material has thawed and subsided. 

In fact, we're showing a little bit of -- maybe in 

this area, maybe a little bit lower than the surround- 

ing ground. Next, please. 


This is the same area one 





year later. We'll get into the vegetation cover in a 
minute. But you can see that there is excess materia 
on the sides and a slight depression along the 


ditch line itself. Next, please. 


| 
1 
| 
| 
In this, this is 
section No. 3, and you can see here that there 
still is considerable excess material along the ditch 
line, and that was taken, oh, at least two years 
after construction. Next, please. 
Not everything that we tried | 
was completely successful. This is part of the 48- 
inch elevated pipeline, pOlyurothane foam insulation, 
polyethyline . jacket, this is the normal procedure for | 
a southern Sreeaticn ten the temperature got down 
below 40 below it cracked pretty badly.Next picture, 


please. 
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So our solution to it was to 
jacket the whole section with aluminum sheeting to 
protect the insulation in place. Next, please. 


This is Section No. 1 on the | 





cycling circuit that has the hold-down housing. This 
mess along the side here was where we -- before 
ditching, we tried to remove the vegetative cover. We 


were trying to get it in sheets so that we could 








| replace it back to the ditch line, but we found that 
it broke up pretty badly and so we didn't return it, 

| but our botenists tell us now that we were probably 
in error even though it did break up, that we should 
have restored it to the ditch line and probably a | 
fair bit of it would have caught and would have | 
grown and would encourage the growth of native | 
vegetation . Also on this section, instead of mounding | 
the excess material over the ditch line, we spread it | 
over the right-of-way. This picture was taken in | 
June of 1971, and this gentleman is broadcasting grass 
seed over the area,about 18 varieties of grasses 
were sown at that site. Next, please. 

This is in July, one month 

later, the grass has germinated and is coming along. 


Next, please. 


This is in August of 1971, 





two months after seeding. The different colors here 
indicate different types of grasses that were sown, 
you can see some are doing better than others. Next, 


please. 
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This picture was taken in 1973} 


it's the same test section. You can Séerthat tie Bra seen 
is fairly substantial, and some of the native materials 
are coming back. Next one, please. 

| This was taken last summer, 
particularly dong here and in here the brush and 


shrubs are coming back and we don't have the large 


pools of water here that you can see in one of the 





previous pictures. Next one, please. 

This indicates the height of 
growth of the grass at the test site, although it is 
fairly short yet. Next, please. 

This is Section 3 and people 
might get pretty concerned about the water that is 


ponded in this area. I think this was taken about a 





| 
year after construction. However, the picture was taken 
after heavy rains and you'll see in the next picture | 
please, which is the same section, that that water is 
not permanent, it has dried up. This was taken last 
summer, the summer of '74. There is one pond here, 
but in General the =— it's fairly dry. Some’ of the 
grasses, aS you can see, are not as good as some of 
the others. 
The site -- the test site was 
operated) that is with chilled gas flowing through it, 
acon 1971 until mid-January '73, and it has not been 
operating with chilled gas flowing through it since 
January ‘73. Will you just back up to that last one, 


please, Lee? On the pipeline we had several risers 


on the line where we could measure, with survey equip- 
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IneichLet 
ment measure the elevation of the pipeline. These eisere 





worked down and were fastened to the pipe itself, and | 
periodically we took survey measurements on the risers 


and we found that neither during the operation or | 


i 


the almost two years now since the -- it's more than 
two years now -- since the site was shut down, none 


of these buried sections have shown anysign of move- 


ment. I think that's about it. 





MR. SCOTT: Mr. Commissioner, 

it might be helpful if Mr. Williams can provide to 

Mr. Genest either slides or photoprints from then, 
one that can be an exhib it and then perhaps we can 
ask him on some later occasion to amend his evidence 
by correction to show the number of the slide o€ 
phttoprint to which he was referring, and in that wayY 
the transcript will provide a full account. not only of | 


his words but of the slides to which he was referring 





at any given time. 

MR. GENEST: I -propose to 
do that, Mr. Scott, with every slide presentation we 
have. Hopefully, as time goes on we'll have them 
ready with the slides. 

Q Mr. Clark, can I ask 
you then, that was the Sans oss Hf alas iad was that 
degree of information that you gathered to enable 
you to arrive at conclusions about the geotechnical 
feasibility of this pipeline, was that eon most 
important one or were there others? 

WITNESS CLARK: 


A It was certainly the 


largest one, however, all three testsites, the pipelines 
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; , Sault 
under the chill line at Sans bo or Norman Wells or 


| 
| 
were buried in permafrost. There was no unfrozen soil 
Prudhoe Bay, and that led us to select the testsite 
| 
| 


in Calgary. In that particular area we were very 


well acquainted with soil conditions. 


Q There was no what? 

A No unfrozen soil at 
any of these testsites. 

Yes, yes. 

A sO we wanted to test the 
pipeline then in what we judged would be one of the 
most severe frost-heaving situations that we could 
find, so we ultimately, after looking at several areas, 
again one of the things we were looking for was a 
site that would be reasonably accessible because we | 
wanted to do a lot of es perimantation at that site, a 
looked in the Calgary area and found a site in North- 
west Calgary, which is an old glacial lake basin, 
in a very silty and clay-silt soil with a water table 
that is relatively high, the pipe was buried at or 
below the water table, and it presented us with, we 
felt, a situation where the potential -- all the 
conditions for frost-heaving existed. 

Q You also had the 
Prudhoe Bay facility and the Norman Wells test facility, 
these are described in Exhibit 54, which is Section 8 
and 9 of the application. Did you or anyone in your 
panel have anything to do with the construction and 


operation of these facilities? 
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A None of our panel did, 





sir, but there were geotechnical engineers involved 
with both sites and geotechnical and geothermal data | 
was developed and has been reported and made use of 

by our group in assessing our geo-thermal models and 


other geotechnical aspects 





Q Then that's described 
in the application material? 

A Yes sir, it is. 

Q I don't propose to go 
over those in the same detail, Mr. Commissioner. 

Now the test facility in 
Calgary, you've described the Calgary test facility, | 
I understand that Dr. Slusarchuk is going to be going 
into that a little more deeply. 

A Yes, he will be a 


ing a description of that particular testsite as well 





as the other programs that were developed at the same 
time -- the laboratory programs and a model pipeline 
testing program. 

Q We'll come back to that. 
Could you describe any other intensive field studies 
that have been undertaken? 

A Yes, we have caried out 
a number of field drilling programs since the project 
was initiated. Thse have been related to verification 
of terrain typing, in examimtion of specific areas 
such as potential river-crossing Sites or formerly 
cleared areas for permafrost regression studies. 

Q What is a regression 


of permafrost? 
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t | 
2 WITNESS CLARK: 
3 A This is where the thermal 
4 regime has been Changed, for instance, by removal of 
5 trees or surface vegetation, and there is a change the 
6 in the permafrost, table and we've investigated a numbe 
7 of these; or a number have been investigated in 
8 connection with the project, 
9 We've also made a number of 
10 Studies to assess the river regime in reaches of a 
eS ae number of the proposed river Crossings. Studies have 
12 been made of ice break-up, with particular emphasis 
13 on the Point Separation Crossing. These have been | 
14 repeated since 1973, and they will continue in the | 
aS future. There is also an ongoing interdisciplinary 
16 study at Chick Lake which was initiated a few years 
Li ago. 
18 MR. GENEST: 
a Q Where is Chick Lake? 
20 A Chick Lake is north of Norman 
owk Wells, I believe it is about 85 miles on the east side 
22 past the Gibson Gap. 
o3 Now, our particular input into 
24 that study has been a collection of data on ground wate 
25 behaviour and relating this to the overall hydrolic 
26 aspects. At this site we've made small watershed 
2h hydrolic field studies, and these will continue through 
28 design and construction phases. These studies, as well 
239 as the other environmental studies that are being carried 


30 out by our three consulting groups,as well as our plant 
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ecologists on our own staff, provide a baseline data, 
including hydrologic data in undisturbed terrain, Eien 
will be crossed by the pipeline in the Mackenzie Highw 
They also provide understanding 
the magnitude and distribution of surface drainage to 
be used in the overall design of the drainage and erosion 
control measures. This gives a measure of the magnitude 
of potential icings for example, by studying the activ 
layer flow which might occur over an operating chilled 
pipeline and it will lead to effective control design 
measures where required. 
Subsurface flow will be computed 
from the observation of the ground water table, the 
slope and the measurement of the insitu psresa> hts btes: 


At this site the permafrost table will be probed to | 





determine the thickness of the active layer through 
which this flow occurs. 

Surface flow will also be studied, 
by monitoring the flow into two small creeks which 
drain a part of the Chick Lake Basin. These flow 
measurements will be related to precipitation data, with 
a view to improving the current available method of 
predicting small channel flow. The Chick Lake is not 
entirely a geotechnical study, our input is one aspect 
of an interdisciplinary study. 

I take it 

Q Well, these studies/are not 
completed, they are in progress at this time? 

A The hydologic studies were 


initiated last year, they will be continued this year, 
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i and I believe the biological studies were initiated the 
2 year before last, and some hydrology data was gathered | 
3 at that time. 
4 Q Dr. Clark, or perhaps Mr. 
> Williams, could I ask what is the magnitude of the 
6 financial expenditure that has been made on these test 
7 sites,the Sans Sault, the Calgary, the Prudhoe Bay, and 
8 the Norman Wells, to this stage? 
9 WITNESS WILLIAMS: 
A Yes sir, I can give you a few 


of them in round numbers the cost of construction and 
operation of the test facilities to the end of 1974 
were: SansSault, four and a half million dollars, 
Prudhoe Bay, two and a half million dollars, in additign 
$82,000 in environmental studies were conducted at the 
specific site at Prudhoe Bay, and Norman Wells, 


$918,000. 





Q What about Calgary, do you 
have a figure on that? 

WITNESS CLARK: 

A To this point in time, the 
expenditure at the Calgary test site, which includes 
the laboratory testing and model testing, is of the 


pg our budget 


order of $700,000, it's an ongoing study * 
for the total study is about a million dollars, it wil 
be continued through this year. 

Q That in round numbers gives 


me about, between 8 and 9 million dollars? Is that 


correct? 





WITNESS WILLIAMS: Very close 
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In Chief 
“ to nine millions dollars. 
2 Q In your opinion, and perhaps 
3 I can ask this of the panel generally, how far has 
4 knowledge of the problems you have studied been advanc 
3 as a result of these test programs? Who wants to -- | 
6 Dr. Hardy is the one having the longest experience 
7 span in this, what can you tell us about that? 
8 WITNESS HARDY: Weil,sir, as far a 
9 the fourth project is concerned, the one in Calgary, 
10 on the frost heaving. That,as a research program 
11 is the biggest program of its kind, that's ever been 
12 conducted in Canada. It's involved more money, involved 
13 more people, its objectives were broader than any progyam 
14 that's ever been conducted in Canada. It was laid out 
15 not from the point of view of simply getting restricted 
16 results, it was laid out as far as I'm concerned, after 
17 my association with research councils both in W.R.C. | 
18 and Alberta research council while I was at the 
19 university. This program had just as much attention 
20 given to it, in planning and in quality of instrumentation 
21 and breadth of outlook in what was to be achieved, as 
22 any program I've ever seen designed with a view to 
23 getting grants from the Research Council. The results 
24 that Dr. Clark has mentioned definitely have made a 
25 scientific contribution irrespective of their merit as 
26 far as the design of the pipeline is concerned. The 
27 
28 like, the owners and Cagsol had to be convinced that 
29 these expenditures were warranted. But as far as I am 


problem of course, the programs had to be sold, if you 
30 aware, the money was forthcoming to conduct that 
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particular program and I think it's also fair to say 
this was true of the Sans Sault Rapids test section. 
The money was forthcoming on the scale, or to maintain 
a scale of investigation that is of the highest 
technical quality. Now, there are not basic reaearch 
programs perhaps in the sense of pure research, they 


are applied programs, but nevertheless they were designed 





with, to give as complete results as you could ever 
expect them to give within the limitations of time. 

Now, Dr. Morgenstern has had a lot 
of experience in this sort of thing too, and perhaps 
his comments, he would agree or he would not agree, 
or add to them. 

Q Dr. Morgenstern? 

WITNESS MORGENSTERN: 

A Yes, I would agree with that 
Dr. Hardy, but I would also like to draw attention to 
the total set of investigations that Dr. Clark describe 
to us, not just the intensive field studies, but going 
back to the other Office Studies, and Analytic Studies 
and Borrowing program. 

This, in my experience constitutes 
the largest intergrated program of research and development 
for possibly any project, but certainly any Northern 
construction project in Canada, and very likely comparable 
if not greater than that for the Alaskan pipeline. 

MR. GENEST: 

Sir, my watch says five. I'm 
moving to a different subject, is this a convenient to 


break till eight o'clock, I understand? 
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2 THE COMMISSIONER: Yes, just 
3 before we adjourn, I wonder if I could ask a question. | 
| 
| 
4 Dr. Hardy, I may have missed something, but I gather 
5 there was a group of engineers from the Government of 
6 | Canada, Arctic Gas, and so forth, that went to Russia 


in the spring or just a month ago, or something of that 








sort. Am I right about that? 

WITNESS HARDY: 

A I'm not aware of that sir, bu 
there may be other people that are. We were looking at, 
following our visit to Yakutskt, we fully anticipated 
that there would be exchange of visits under the auspi¢es 
of government programs, and there were people in 
N.E.S. , and Cagsol that were all set to go over, | 
and this turned out to be aborted. But I'm not familiar 


perhaps Dr. Clark can give you information on this more 


recent trip. I'm not familiar with it. 





WITNESS CLARK: 

A Yes, Mr. Commissioner, there 
was a trip made by Canadian scientists and engineers 
and government people. I don't remember the exact 
date, it was fairly recent. One of the staff engineer 
from Canadian Arctic Gas went on that trip, and spent 
I believe it was two weeks in the U.S.S.R. including 
the travel time, and they looked at gas lines and met 
with a number of the operating people I believe from 
Russia, We've had informal discussions with him since 
his return. He did not get to the point where he was 


talking with the people at the design level. It was 
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mostly in operations I believe that they pursued, 
THE COMMISSIONER: 

Yes, well you might consider 
bringing that gentleman along as the member of a panel 
Mr. Genest, at the appropriate time? 

MR. GENEST: 
Perhaps we could have Professor 


Jackson organize a community hearing in Yakutskt, sir. 








MR. COMMISSIONER: 


Well, I think it's time to 


adjourn until eight o'clock. 


(PROCEEDINGS ADJOURNED UNTIL APPROXIMATELY 8 O'CLO K) 
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(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 


x MR. GENEST: May I proceed, | 





THE COMMISSIONER: Yes. 


JOHN IVOR CLARK, 

GARRY WOOD HOLLINGSHEAD, 
EDWARD CHARLES McROBERTS, 
WILLIAM ALE> ANDER SLUSARCHUK, 
NORBERT REUBEN MORGENSTERN, 
RICHARD H. COOPER, 

R.H. HARDY, 

GUY LESLIE WILLIAMS, resumed: 





DIRECT EXAMINATION BY MR. GENEST (CONTINUED) : 
Q Dr. JClark, | you had 
finished before the dinner adjournment describing the 


test facilities operated by or for Arctic Gas, and 





I'd like to move on now to a discussion of the techn- 


iques which are available for the design of a 


pipeline from a geotechnical point of view. Would 
you give us an overview of these? 

A Yes. Adequate design 
techniques are now available. For example, the geo- 
thermal analyses when compared with data obtained from 
the test sites, have confirmed that the models are 
able to predict the geothermal regime along the right- 
of-way and adjacent to the buried Bieentiae: 

Q These models, sir, 
are the computer models that you were describing 


earlier? 





A. Yes sir, that's correct. 
Q They have confirmed that! 


what they predict will actually happen? 
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A Yes sir. These analyses 
are applied to almost every aspect of geotechnical 
design related to the pipeline and its ancillary 


facilities. The study of river crossings and hydrology 


have established the applicability of techniques for 





determining the required depth of burial for scour 
protection, the location of sag points, bank armoury 
and construction techniques in relation to the heights 
of slopes that must be crossed, and we will be present 
ing in a slide show somewhat later, some of the river 
design techniques. 

Q So that we know what to 
look for, I suffer from sag points which I'm sure are 
not the same you're describing. What is a sag point 
in geotechnical language? | 

A Well, it's more in 


pipeline language, sir. It's the point underneath 





the river where the pipeline curves up after it has 
crossed under the channel area and under the bank, 
and it then bends upwards towards the ground surface. 

Q When you come to a river 
crossing, the pipeline must go down into the ground 
and go underneath the channel. 

A That's right, where it 
makes that bend is the sag point. 

Q And what about where it 
bends to go down? 

A fThat is an over-bend 
ac that, point. 


Q And bank armoury is again 
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what I may not understand. | 
" A That. 1s a proteccion Of | 
d the bank against erosive attack by use of rip-rap SUES | 
E as gravel or boulders or gabiens, which are wire en- 
: cased aggregates of gravel. | 
4 Q Would you proceed, menace 
x Dr. Clark? | 
: A Yes. The special terrain 
: problems studied have established means of assessing 
a slope stability and methods by which slopes can be 
ry stabilized if there appears to be a problem. They 
a also provide an indication as to the types of slopes 
= which should be avoided in route location, and as a | 
~ result of careful ocatianccin, Onis about 5% of the | 
ee entire route is located on slopes greater than 3 degrees 
zs inclination. Again later we will be having a more | 
af detailed discussion illustrated with slides of the | 
oe Slope stability work. 
a Procedures have been estab- 
lished for drainage and erosion control, and they've 
been applied to the pipeline in the preliminary 
a design stage. These measures have received intensive 
a scrutiny by environmentalists consulting to Northern 
— Engineering, and they were found to be acceptable and 
- to satisfy their concerns with respect to erosion and 
= Maintaining drainage. These designs that have been 
te developed to this point in time will also be illustrated 
e by slides later. 
ra) 
The pipe soil inter-action 
studies, which we discussed earlier, have established 
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techniques for analysis of field bends which provide 
| 
assurance of soil stability. Studies related to depth | 





of cover have provided the necessary guide-lines 
to determine the depth _that the pipeline will be bur- 
ied in specific soil conditions in geographic zones. 


Q Can I just hold you up 


| 
| 
| 
| 
there a minute? What is an analysis of a field bend? 

A That is an analysis wher 
the forces acting on the soil at that bend are computed 
and they are then compared with the capability of the 
soil to resist those forces. If, for instance, it was 


found that the forces from the pipe exceeded the 


capability of the soil, then we would make a more 





gradual bend, for example, to distribute the forces | 

Over greater area, or to reduce them at any concentra- | 

ted point. | 

THE COMMISSIONER: Can I ask : 

Dr. Clark to go back for a moment, Mr. Genest? 

Q On page 9 you said, 

“For example, a geo-thermal analyses when com- 
pared with data obtained from the test sites 
have confirmed that the models, computer models, 
are able to predict the peek regime along 
the right-of-way and adjacent to the buried 
pipeline." 

Now, are you aaying that you are able to predict the 


geothermal regime from Prudhoe Bay to the Alberta 





border? 
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Am I reading this 
correctly? 
A Yes, sir. Having 
the appropriate input perameters for each area 
we are of the opinion that we can predict what 
happens around the pipe when it is conducting 
gas at below 32°F. We are also of the opinion that 


we can predict what happens along the right-of-way 





with these models on ce the vegetation has been 





cleared and so on. 

Q On page 10 you 
said, "Procedures for extablishing drainage and 
erosion control were developed and have been applied 
to the pipeline in the preliminary design stage. | 
These measures have received intensive scrutiny by | 
environmentalists and they were found to be | 
acceptable and tomtisfy their concerns with respect 
to erosion and maintaining drainage." 

As I understand it Northern 
Engineering had environmentalists on its own staff. 
Are those the environmentalists that -- 

A And the consultants, 
sir. These would occur at informal meetings where 
we would be looking at a particular area and 
environmentalists might point out that there is 
substantial amount of cross-drainage in that area 
and would ask us how we would propose to cope with 
that. We would then illustrate how we would 
propose to cope with the preliminary designs and 


discusshow they would work, conduct the water either 
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across the peipeline in the case of surface water 
or where necesagary through the back fill layer and 
when these were discussed and explored -- I cannot 
recall any situation where there remained any 


concerns. 


Q Yes, and we will 
hear from those environmentalists in phase II, 1 
believe. 

MR. GENEST: Phase II, 
yes. 

THE COMMISSIONER: Yes, 
excuse me, carry on, please, Mr. Genest. 

MR. GENEST: 

0 Mthink® that Peitert 
you at field bends. 

A Yes, we had discussed 
field bends,. another design technique is the 
methods to prevent pipe floating under bouyant 
forces. These have been developed and will be 
applied on a mile by mile basis for particular 
conditions of terrain and ground water. 

Design techniques and the 
perametric analysis for foundations have demonstrate 
that adequate foundations can be established for 
all structures along the pipeline route. 

Q Are we going to have 


something on that later, Dr. Clark? 


Bh We have the report andj 


in fact one of the ones which you mentioned earlier, 


Mr. Genest,that is actually an updating of a report. 
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There was one produced last July which is listed 
in the documents available. The one that you now 
have is a newer version of that report -- 


Q That is the report 


on foundations -- 





A Yes,and we had not 
proposed to present any illustrations of that . 

Q Well, would you mind ae 

I asked you to just illustrate very briefly what 
you proposed to do about methods to prevent pipe 
floating? 

A Well,there are 
several techniques of preventing pipe floating and 
many of these are conventional methods that have 
been applied to pipelines over the years. These 


would include weightingfor instance. Under rivers, 





most rivers, we will use a continuous concrete 
coating. 

C That is, you coat the 
whole pipe withconcrete? 

A that as right’. 

Q And the weight of the 
concrete is enough to keep it from floating? 

A Yes, and it has 
what we call then a negative bouyancy. This can 


also be accomplished by applying bolt on weights or 


byvanchors:-- 


“He Bolt on weights? 
A Bolt on weights, 


concrete weights which are bolted to the pipe to 
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Hardy, Williams -- In Chief | 
: weigh it down or anchors that are drilled and cast in | 
¢ the ground, either or frozen or unfrozen ground | 
: there are suitablemethods available. Some of these 
“ methods will be illustrated in the discussions that | 
we will have and slide presentations on river 
6 crossings. 
q Q Could you carry on 
S then. | 
: A Yes, as a result of the 
_ Be eenias rid studies undertaken for the applicant, 
it it was determined that the concept of a large-diameter | 
a8 buried pipeline in which gas was chilled to below 
ee 32°F is environmentally and geotechnically 
A sound. 
se Q I do not know what | 
- the going out of the lights signifies -- boredom -- | 
a I would like to move now | 
wd sir,to route selection and design and ask you | 
+ how does geotechnical engineering assist in 
i route selection. 
a A Yes, Sir. KNowledge 
2 of earth materials, the earth processes and 
a engineering principles was necessaryin locating | 
~ the pipeline in terrain that has the leasttendency | 
ps to be flooded, or to subside or to slump or to 
eo gully and wherever unstable terrain had to be 
‘sl crossed,design measures were developed to deal 
oh with geotechnical problems. 
a Unstable terrain is most 
30 
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ON sloping ground adjacent to rivers, near the ocean 
and in some parts of mountainous regions. 

At certain localities the 
route must cross these types of terrain, but 
route location was done with a view to avoiding 

hazards by crossing difficult areas where the least 
construction damage would result. 


Design measures were also 








developed to provide ae river crossings, drainage 
and erosion control measures, slope stability problems 
and pipe bouyancy. 
Q Now, we will be discussing 
these in more detail later on? | 
A Yes, sir. | 
Now, in. the past many thou- | 
sands of miles of pipeline had been constructed in | 
NOrth America without major geotechnical input. 
However, the terrain conditions along the proposed 


Arctic Gas Pipeline route, particularly through 


permafrost areas,requires such input into design. 





The first permafrost studies in the Canadian Arctic 
with respect Re eere ey route were carried out 
by R.M. Hardy in 1946. Since that. time most 

Major construction problems in the Arctic have had a 
substantial input from geotechnical engineering. 


With respect to pipelines 


R.M. Hardy and Associates have been involved for some 





20 years in geotechnical investigations related to 
pipelines dealing with such features as route 


selection, slope stability and design of river 
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Bi crossings. The major geotechnical studies related to 


Zz this pipeline, the Canadian Arctic Gas Pipeline, have 





3 been previously discussed in Appendix "B". 

4 Q It is stated as "A" 

5 in the synopsis of evidence and I take it that that 
6 is a typographical error. We have already filed that 
u as an exhibit. 


8 A Yes, sir. 
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rT In Chief 
| Mees, Sir, Now these have 
* led to changes in route alignment to avoid marginally | 
; stable slopes or potentially unstable slopes, geologic | 
2 features such as thermakarst ponds and karst features 
, which might present future problems if not taken into 
: consideration. It has been necessary to carry out 
: hydrological studies to determine the pipe configuration 
, at river crossings, and to predict overland runoff see 
7 which will govern the final design of drainage and 
va erosion control measures. 
i Q What is the pipe configur 
i ation at river crossings, is that the overbend and the 
| sag? | 
ate A The overbend and the 
oe sag bends, yes. The geotechnical aspects of determin- 
xe ing the most suitable foundation for structures is a | 
= well-established engineering function and has been | 
me applied to all appropriate structures to be built in | 
ve connection with the pipeline. 
ek Q When you speak of 
ss structures here, Dr. Clark, are we addressing oursel- 
Ss ves mainly to compressor stations? 
ov A Yes, that would include 
ae all buildings, communication towers, and so on, 
2 Q Now, I take it the final 
27 design of the pipeline with respect -- at least from 
x a geotechnical point of view has not yet been completed? 
29 A On a mile by mile basis 
a the final design has not taken place. The terrain wae 
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has been completed along the prime route; slope angles 





have been superimposed on work sheets; the route loca- 
tions and some aspects of preliminary design are 


shown on the alignment sheets. The route will be re- 





fined jas a part of final. design. The control points, | 
for example, such as river crossings, will first be | 
confirmed and then the connecting overland links will | 
be re-examined and refined. Some preliminary typical 
site specific designs for river crossings have been | 
proposed. Studies previously describ ed,the 
field programs and the test sites have established the 
feasibility of the design and have provided many of 


the design techniques and criteria necessary for the 


final design activities. I am satisfied that a final 





design giving full peeetehigt geotechnical considera- | 
tions can be accomplished. | 

THE COMMISSIONER: May I stop| 
you again, Dr. Clark? 

Q You say youre satisfied 
that a final design can be accomplished, that is on 
the prime route. Is that what youre speaking of? 

A Yes sir, the prime 
route and the alternatives either filed or under | 
consideration. | 

Q Now you mean the interio 
route through Old Crow Flats and you mean the cross- | 
delta route as well, is that right? 

A- Yes sir. 

Our main emphasis to this 


time has been placed on establishing performance 
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criteria rather than design criteria. For example, 
it's impossible to establish a single criteria in 
such as terrain typing as a basis for route location. 
Terrain is one of many considerations that goes into 
selecting the route. Other considerations include 
environmental concerns. In many instances we have 
moved the route to avoid an environmentally sensitive 
area, and by so doing have traversed less favorable 
ground than would have been selected solely on the 
basis of terrain. Now if the pipeline can be built 
across the less favorable terrain without introducing 
hazards, as is the case for the route now shown on the 
alignment sheets, then the less favorable terrain is 
accepted as preferable to the terrain which might be 
more environmentally sensitive. This is not always the | 
case, however. If a move to a less environmentally 
sensitive area would result in a hazardous Situation, 
the line was not moved. 

MR. GRNEST: Q When you 
Say "a hazardous situation" here, do you mean to the 
pipeline itself? 

A To the pipeline and the 
terrain. 

[SSS Le wile 

A Other constraints in 
routing include the existing facilities such as the 
Mackenzie Valley Highway and socio-economic concerns. 
If, for example, we were forced to move the line due 


to any other consideration, our job is to develop a 
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| 
design which would be safe and environmentally acceptable. 
Now with respect to frost heave, deeper formation pence 
or settlement, the allowable movement is based on | 
limiting deformation in the pipe. For example the 
Stresses and strains in a pipe resulting from internal | 


pressure, temperature differential and so on, are 


computed. The difference between these stresses and 


| 
| 


strains and the maximum allowable values,then payee the 
the amount of additional stress and strain the pipe 


can tolerate from differential movement. These are 


translated into allowable deformation which establishas 
the performance criteria for different geotechnical 
considerations. The geotechnical objective is to 
ensure that the performance is within the allowable 
bounds. 

Q Dr; Clark, do you. mind 
if I take you over that one again? I am using myself 


as a litmus paper here. You said that deformation 





at bends or settlement .or frost heave, what you do 
is you compute what is the allowable movement? 

A The stress analysis people 
first of all, compute the stresses and strains that 
will exist if there were no geotechnical cone gees toe, 
for example. The code establishes what is the 
maximum allowable, the difference between what is 
computed and on the basis of lay-in temperature and 
operating pressure, for instance, and the maximum 
allowabE, is the stress that we can absorb from such 


things as heave or settlement or deformation. 
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Q Testhinkerl. Follow...» what 





has been the geotechnical input, the input of your 
particular science, into environm ental meetings or 


the concerns expressed by environmentalists? 





A Well, as previously 
| Mentioned, there has been a number of informal meetings 


with environmental consultants and continuous inter- 





facing with staff biologists and the environma@mtal | 


group &N.E.S. Now more formal meetings were held 





with a larger group of environmentalists in April of 
73 and this was discussed by the first panel. Geo- 
technical personnel were at these meetings, which were | 
primarily concerned with route location, and they 
participated in the reviews and revisions which were 


discussed at,and following the meetings; where the 





line was moved for any reason, again we were charged 


with the responsibility of developing designs. 


Q What additional geo- 
technical work remains to be done priorto final 
Gesign and construction? 

A Well, additional work 
is required in a number of areas. For example, geo- 
technical assessment is required for verification of 
river crossing locations. At this time we are satis- 


fied with the location of most crossings. Of the 





200-plus crossings in Canada, there are approximately 
eight where we feel changes may be made. Now these 
changes will generally lie within a few hundred 


feet of the existing alignment. The Great Bear River 
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crossing is an exception in that we are currently 
examining a stretch of over a mile for possible re- 
alignment. The present eroesin’ has been drilled at 
this time and its been instrumented in order that we 
can be sure of the integrity of the slope before it 


is constructed. 


Clark,Hollingshead,McRoberts, 
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Q What if it lacks that | 





integrity, what plans do you have? 
A Well, we already have a 


design to ensure the stability of the slope, and this | 





was shown with the application. We have made a 
parametric analysis of this design and found that 
within the range of expected parameters that it would | 
be safe. Ultimately it would be a case of determining | 
whether it was more economical to implement this design 
or to move it to a place where perhaps stabilization 
would mt be required. ‘ 
Q Well, do I understand 


correctly that you have now a design that will do the | 


job? | 


A Yes sir, and that will 





be illustrated later on. 
QO But you are looking 
for possible other designs that will do the job just 
as well and be more economic? 
A Yes, and confirming if 
in fact that design would have to be implemented 


at that river crossing. | | 





re} Can Ae heip me on | 
the xpression, "parametric analysis"? 

A Parametric analysis would 
mean that we would take the factors that have a bear- | 
ing, for instance, on slope stability such as soil 
strength, and the components that make up that 


strength, and we would look at it over a range of 
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values, if you like. | 

Q From the worse case to | 
the best case? 

A Yessir. 





Something like that? 
A Yes sir, and we would 
vary such things as the internal pour pressure, the 


friction angle of the soil, these are all parameters | 





that are used in slope analysis. 
Q Now I interrupted you, 


about the Great Bear crossing. 





A Yes sir. Now morpho- 
logical data has been gathered in river crossings | 
where required. Preliminary design work carried out 
to date has defined the requirements for final 
design. Additional ground truth and test data are 

construction 


required before detailed design and/specifications 


are completed. 





Q Let me stop you again. 
I'm sorry, Dr. Clark, you have two expressions here 
that I find hard to nee "Morphological el m 
sure everybody else is, if nothing else, but I have 
trouble == 

A Well, very simply, 
"morphological", that is the channel -- river channel 


geometry, the land forms that make up the river. 





Q And what is "ground 
EruUeH.? 
A It's site verification, 


generally test holes. It might be examination of 
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exposures on ground, collecting ground evidence by | 


being actually on the ground. 














Q Oh, I see, so is the 
use of the word "truth" to say -- to indicade that 
you're proving the truth of your predictions, your -- 
: A In a sense, with respect 
‘ to the terrain analysis, it's common to say that we 
8 do ground truthing, this means going out and drilling | 
6 test holes Bee perhaps doing other types of tests to | 
13 verify the terrain typing. 
‘3 Q When you say additional 
43 of these are required before the detailed design and | 


construction specifications -- 

A Yes sir, the test 
drilling will be predominantly at specific sites where. 
information is required for final design of foundations, 


for ancillary facilities, for gravel pads, airstrips, roads | 


etc. We will also be drilling and testing at river 
crossings and slopes, which are judged to be idee 
unstable. The site specific drilling will be completed 
in sufficient time to allow detailed specifications to 
be prepared for all facilities Its not expected that 
a great deal of additional drilling will be required 
for the pipeline route itself, and here I'm speaking 
of the overland areas. It has been argued that the 
terrain typing and verification test drilling would 
prove adequate for most of the final mile by mile 
design. | 


Q How do you plan, Dr. 





Clark, to account for unforeseen terrain conditions 
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uf 
at specific locations? 
g A Well,we regognize that | 
‘ it's not possible to anticipate all terrain conditions 
; prior to start of construction. Detailed specifications 
: will be available to cover all ancillary facilities of : 
- construction, such as compressor stations, such things | 
: as pipeline burial depth, slope stabilization require- | 
: ments and so on. However, in some instances, conditions 
: will be encountered which differ fram those upon which 
- the design are based. Therefore a design change | 
is manual which will be available prior to start of | 
aa construction, will account for most Changes necessary. | 
es For example, if conditions vary substantially from the 
< original test borings, over the area of a compressor | 
: Site, for instance, the manual will outline adjustments | 
= required for changes in pile length or Spacing, perhaps | 
a it would be necessary to put in more piles. IN other | 
a cases such as slope stabilization measures, if condi- | 
‘a tions vary from those anticipated, it will be necessary 
= for the geotechnical engineers to adept the design. 
‘i Q That would not be covered 
if by a design change manual. 
is A No, not such a thing as | 
a slope stabilization. 
Q This design change manual, 


can that be developed before final design? 


A No, it is developed after | 


final design. Our efforts now, all of these studies 





which we hve described, lead into the developmen t of 


a design manual, and concurreht with this and more so 
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: in following this we will have a design change 

“| Manual which would correspond to the design manual, | 

, to account for unforeseen conditions. | 
; Q so before you get the 
P final design, you will have to have what's called a | 
°| design manual? 

A Yes sir. | 

| Q What will that show? | 
‘ A That will show such 

? things as the methods of anchoring the pipe to resist 
1 buoyancy in certain areas. It will outline the radius 
= | of curvature that can be followed in certain terran 
types for pipe bends. It will cover foundations. It | 
a will generally cover slopes. It will bring together | 
- into one document virtually the summary of the work 





that has been done to date and the work that will be 
done between now and the start of construction. 

Q Who will be the users 
of such a manual? 

A Well, the design manual 
is largely intended for use by the staff engineers 
in completing the design and specifications for the 
specific cases, such as compressor stations and so on. | 
The design change manual would be used in the field | 
by the inspectors, and geotechnical personnel charged 
with the responsibility of seeing that the designs are 


properly implemented. | 





Q What geotechnical con- 


trol will be exercised during construction? 
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A Well, there will be two | 
distinct levels of geotechnical design control. Quali- 
fied geotechnical engineers or inspectors attached | 
to each construction spread will be directly responsible 
for the on-site verification of design assumptions, af 
Mades, and for any consequent modification and configur- 
ation, if required. Decisions in this regard will be, 


Mainly by visual inspection of the ditch wall during 


the pipe-laying operation, inspection of cuts in 


approachestOriver crossings and so on. Drilling would 


be carried out wherever necessary. There will be some 
latitude for modification to design configurations in 
regard to depth of cover, method of pipe restraint, 
field bend angles and shallow slope stability, but | 
they're directly related to the permafrost and soil | 
conditions exposed in the ditch. 
While pre-construction Heeacn| 
will have isolated the major design configurations in 


relation to the ground conditions encountered, minor 





changes are inevitable. However, the range of possible 
deviations and required on-site response will be 
covered in the design and field manual with the 


field engineering staff responsible for their use. 





In turn, the design engineering staff will monitor 
the control being exercised by on-site staff, especi- 
ally in relation to field modification. Now this is 
one level of control. 

The second level is the 
direct geotechnical design control which would 


be undertaken by the design engineering staff, if 
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required. The major thrust of the design phase will 
of course be to obviate the requirements for such 
control, but in certain areas such as in major river 


crossings, close inspection and verification would be 


undertaken by the design engineering staff. 


| 
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Q I do not understand 
the sentence that you just quoted or stated, Dr. 
Clark, pra che major thrust of the design phase will 
be to obviate the requirement for such control, - 
what do you mean by that? 
A WE11, for example, 
at river crossings,the design would be to a level 
of detail whete it would be very clear and straight- 
forward. Another example on the design of founddions 
for strictures, we would expect to have site specific 


information, we know what is in the ground, we also 


know what loads have to be carried by the foundations 





and the foundations would be designed in detail and 
specifications would cover their installation. 

Q So then the peoge | 
in the field then merely have to follow the detail 
Specification and have little discretion left to 
them? 

A Ehat would be the 
Objective, yes, sir. 


Q Yes. Do you anticipate, 





Dr. Clark, that further information will be gathered 
prior to and during the course of construction for use 
in maintenance and operation of the pipeline in 
future years? 

A Yes, Sir. A detailed 
catelogue of the permafrost and soil conditions 


found and adjacent to and along the right- 





of-way, obtained prior to and during the constructim 


of the pipeline,will be assembled. Now this includes 
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| 


You have bean cut off. | 


A It will also be maintaini 


a record of conditions in the ditch wall on a mile by 
mile basis similar to that illustrated by Mr. Williams 


where he showed you a profile of a ditch wall. However 


oo eS = 


be to a research level. The frequency of the recorded 





observations in the ditch will be determined by the 
natural variability of conditions and the potentially 
troublesome sections. Detailed records of the 

results of drilling programs undertaken for the design 


of all other structures such as compressor stations, 





runways and so forth, will also be incorporated into 
the data system. Now, the exact nature of the data 
rotrieval system is under study; It is very likely 


to be found appropriate to structure part of the 





system to a ‘facility basis, for exainple, all of the 
information collected for a - giver eenenercie 
station and ancilliary structures will be included in 
order that at any time we would know from our data 
retreval system all of the geotechnical data that 
has been collected to that point of time at that 
site. . 

Q Well, the object of this, 
then, Dr. Clark, 1s to pane logged as you go along, 
a diary of all the conditions you encounter on every 


Mile of the right-of-way, have I got that correttly? 





A Thatess agit, sar, and 


the frequency of observation would naturally depend 
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- upon the variability, but at any point in time in 
“ the future operation we would want to be able to 
3 use -- we would want our data retrieval system to be 
4 able to tell us what exists at any mile post or | 
2 any point on the line from the observations that were 
6 | recorded during construction of the ditch. | 
7 Now, certain types of informa- 
8 tion such as hydrologic data from the basins 
9 and changes in river morphology need to be gathered 
10 over a long period of time. Ice jam dataalong the 
th Mackenzie Riveris being. collected and this will 
12 also be continued during construction. Now, these 
13 | data are needed for the design and will be valuable 
14 in establishing a maintenance program for river | 
15 crossings and wharves. | 
16 Q What steps will be required 
1? to be taken, sir, to assure proper drainage and erosion 
18 control during the ocnstruction and operation of 
19 the pipeline? 
29 A The preliminary assessment 
at of the degree of drainage and erosion control 
a2 reguirements has been included on the alignment 
23) sheets using a number of categories based on the 
24 site specific terrain information available at 
25 


this time. The location and type of control 





46 measures will bedetermined using the design flows 
) in conjunction with terrain data obtained during 
2g drilling programs. : 

29 Although most of the 

30 design will be conducted in the office, final 
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location will be determined and flagged by ground 
survey during the summer proceeding construction 
when minor drainage courses are not hidden by 
snow. 

Now, the principle object- 
ives of the measures will be to control all surface 


and sub-surface drainage flowing across the 





pipeline right-of-way and across other areas disturbed 
Se construction. Consideration will also be given 
to the stability of other adjacent areas that have 
been disturhed in the past and that could erode 
during the lifetime of the pipeline. 

in the long term, .re- 


vegetation will provide an erosinn resistant surface, | 


but other meagures will be necessary immediately after | 





construction until the revegetation is established. 
The principle method will be to provide frequent 


breaks in the back fill mound and to line these with 





a protective layer of non-erodable soil. Other 
measures which are described in the application will 
be used in more critical areas to collect flows on 
the upslope side,to direct them across the right- 
of-way and to dissipate the energy of the concentrated 
flows into the undisturbed area on the down slope 
side of the back fill mound. 

These measures will be 
poec rated later in the slide show, sir. 

THE COMMISSIONER: Excuse 
me again, Dr. Clark, forgive me for interrupting, 


but this will be the first pipeline in Canada which 
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i has been built in continuous permafrost. 
2 | A Yes, sir. 
- ae SEER eer eee 
4 pipeline in Canada that,in which the gas has been 
5 chilled. | 
6 | A That is correct, sir. 
4 en. tis Gee eee 2 
8 48" pipeline in Canada? 
9 A I believe there are 
10| 48" sections. Maybe Mr. Williams could comment on 
" that. 
a WITNESS WILLIAMS: 
| A Yes, I am fairly certain, 
- that the Interprovincial Oil Pipeline has some 48" 
15 


pipe in their system. 


Q Well, is this going 





to be Canada's first 48" gas pipeline then? 


| 
: 
| 
A Certainly in the Peres 
range that we are talking about, yes. 

Q Well, I do not want to 
leap ahead but I gather that the pressure will be 
greater than that of any gas pipeline in Canada, 
that is true I take it? That is-true,,is.it, Mr. 
Williams? 

A It is certainly greater 
than the large. transmission line systemSthat I am 
aware of, yes. 

Q Yes. Well, on page | 
17, Dr. Clark, I -- notwithstanding the spontaneity 


of the questions and the answers -- they have a tendency 
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to -- 


MR. GENEST: I hate to be 





blamed fot that. We are required to give our evidence 


before time. 


THE COMMISSIONER: I 
got into the habit of reading on ahead, that is the 


only reason I am coming back, but it says on 17, 





"Certain types of information such as hydrologic 

data from basinsand changes in river morphology need 
to be gathered over a long period of time. Ice 

jam data along the Mackenzie River is being collected 
and this will also be continued during construction. 
These data are needed for design andwill he valuable 
in establishing a maintenance program for river crossings 


and wharves." 


Is there any other gas pipeline 
in Canada that entails river crossings of rivers | 


such as the Mackenzie? An Arctic river, in other 


words? 
WITNESS CLARK: 


A Not an Arctic River tha 
I Know of, sir, flowing in that direction. There ar 
many pipeline river crossings that encounter similar 
problems, but the size of the river here is much 
greater and the fact that it flows in the north- 
south direction is a -- makes an unusual problem. 

Q Creates the ice problem? 

A | Yes‘iusir,pthat,is 
correct. 


MR. GENEST: South-north 


direction. 
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A Yes. 

THE COMMISSIONER: Well, I 
donot understand something here. You say, “Ice 
jam data along the Mackenzie River is being collected 
and this will also be continued during construction. 
These data are needed for design." 

A Yes, sir, we have 
had ice break observations going on and they will 
be carried on. The designs that we have developed 
now,have taken that into consideration and we 
believe it to be on the conservative sidé. We think 
that by the time of construction -- we may have 
advanced to the point where we can improve that 
design, a refinement in which it would be less, 
less conservative possibly. 


THE COMMISSIONER: I 


see, well -- carry on. 


MR. GENEST: WE11, perhaps 
if I may just follow up on that, sir, perhaps the 
Commissioner is sharing my question at this stage, 
that you have said that you have designs that are 
suitable and can make this pipeline geotechnically 
sound, if that is the proper expression -~ 

A Thats bs Tight, sir == 

Q -- in the NOrth, and 
then we run into a statement that you need some 
more ice jam data for your design and there seems to 
be a little contradittion in those two statements. 
A Well, I guess the 


emphasis there that is perhaps in establishing a 
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Maintenance program. We hwe ice jam data now. I 
believe it is Dr. Cooper or Dr. Hollingshead that 
will be speaking to this in more ddail when we 
discuss river crossings, but these data have been 
collected by ourselves and by others. You can get 
historical evidanc e of ice jams by examining sites, 
for instance S€&ing where trees have been affected 
by high water, high ice levels in previous years and 
all of these have led us to,what we believe is a 
conservative design. 

Now, we are also doing 
modeling of this -- not a physical model -- in order 
to be able to predict flow and sqour, Now, it 
would be a case of collecting more data to assess 
that particular model to see if we can produce a 
refinement in that design. 

Q Well, I think that 
I understand,you say that you have made a conser- 
vative design and does that involve your parametric 
analysis, you have taken the worst case? 


A Yes. 
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Yes sor, I believe Dr 


Cooper can amplify on that now or during his slide 

presentation. | 
Q Well now it is on our 

mind, if I can pursue it, YOUs designs have assured 

the worst case. | 


A We believe that they 


have, yes. 

Q And when you say that 
you,;re looking for further information, it's not to 
help you find a design, it's help find some other 


kind of design. 





A a, refinement, sir, yes. 
Q Refined from what 
| 
point of view? : 
A From what we have now, | 


? 


that it might perhaps be possible to do a more sit | 
-al crossing than we have now. | 
Q So this data then , is 
it required to have you cross the river at all, or 
is it required to have you devise a more economical 
way: of crossing a river? 


A The latter, sir. We 


believe we could develop a design now to cross the 


| 

river safely. 
WITNESS HARDY: Perhaps I 

could add, Mr. Genest, that the practice that is | 

being followed here is not completely unusual, as far | 


as some pipeline designs are concerned. A point that 


I would emphasize in what Dr. Clark has said is that 





“> 
ym 


(G ovetfad I the Bey 


> M146 Se ie 


| : | ¢ 
abite ett pealxv& xo won Bad’ no yi tiqns n&S “197009 
— re 
-nolissnersig ; 
ay e » 
“WG co ak Bi wor bist’ 0 ; 4 
: ay “pe 
penvezh evar 2cR bash ay ft suawg mgs I 2f ybatm || 
8885 texow orld i 
AY 
yous trdd sveilod oW A ; 
wey loved ‘a 
he 
tjedo yea voy aerw BAA 9 p 
OL 
od gon 2't <notvamrotal r98fsx0d WOT patdool ezy7oy . 
: tf 
sstto supe Brit qied a'3i ,apiseb.«, Hatt voy qien 
. ee Ail 
caplesb 20-bit = 
7 £ 
.eoy ,tie .gnemeaiiem - A hs 
or 
tacw moxt benttes g | 
im 2 
Swatv To JIniog 
ar 
won ever ew Sedw cord A ‘i 
: ars 
yimonbos etam s ob o¢ eldiesoq sd eusixeg sapin +i aad? : 
ef 
.won evad ow nsdt patesoro Isr | 
as 
| af 4 med? sje eids o8 0 . 
| xo ,'fe Js Weeds ent geet coy sved ot bexzivpex ti - 
| is 
(eokmonese 9ttm' 6 selveb voy eved oF betiuper Ji ‘et 
: | led 
Sxevia s poaitesors To yaw. | bd 
> 
oW .tie ,zedtel. off A ; bs 
1S s 
eid exvord of woo apieeb s qoleveb bluoo ew eveited. 
J | t : 
-\foina stevia : 
) 3 : 
T aegedveat :YQRAH 22suTT 
” Sea 


| al ta#3t sotzosxq off sede ,t8ene0 og m, 
252 25 ,levaurw vietalgmo>. ton al oxed Bowe | t panied 
\dad1 tniog A .bemtsonos ozs smpyleoh onkiegta mo es ts 
| $ad3 ai Sites esd aAvslD .20 Jadw ot. te yo BL ow T 

oa ~" 













ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 




















2202 


| 

Clark ,Hollingshead,McRoberts, 

Slusarchuk , Morgenstern, Cooper ,| 
| 
| 


Hardy ,Williams 
In Chief 


they are proposing to set up facilities that will 
monitor the developments in the river to a degree that | 
has never been undertaken in any previous trunk line 


in Canada. Now in the case of river crossings, and I 





have done myself and in co-operation with other people, 


several dozens of major river crossings, we have never 
had a failure due to the under-estimating of the 


scour protection. We have had failures because the 


| 
| 
characteristics of that river were not accurately | 
enough known, and it's been out-flanked. 
Now the thing is that some | 
of these can be -- many of them, in fact, could have | 
been prevented if there had been more routine data 
collected.with . the idea of building up a background | 
of knowledge within rare! pipeline organization. On | 
top of that, if they're monitoring the performance of 
a river, if they are in a season where there are 


extraordinarily severe ice jamming, they can protect 


their crossings on an emergency basis probably by 





blasting and so on so this is not a completely 
new concept that they have come up with a design and 
that they still have to find out what the river 
characteristics are. They don't know all they would 
like to know about the river, but they think, as you 
stated, they think or asked the question, I think 


Dr. Clark has said he thinks he has a conservative 
design. I think that looks after it as far as I am 


able, sir. 


fe) I think that we were 


at -- we had left erosion. 
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4 WITNESS CLARK: Yes sir. 
| 
. Q You were going to | 
4 illustrate later with some slides and we had interrupted 
ee you, -and*Pmight-say7isir, thatel ‘certainly welcome; 
6 | for my part, these departures from the prepared text. | 
7 We were at river banks. | 
8) A Yes sir, the river banks | 
9 at crossing sites will be protected from river erosion 
10 by bank arming such as rip-rap or by river training 
11 _measures, where required. Now at river crossings 
12 temporary river control structures required during 
13 construction will be designed to have a minimal effect | 
14 on the erosion of natural river banks. These Sousa 
15 structures will be removed following installation of | 
16 the crossing. : 
17 Q What kind of temporary | 
18 structure, just briefly, are we talking about? | 
19 A This could be a perm 
20 for instance, built out in the river to facilitate 
21 construction, and then it would be removed at the 
22 end of construction. 
23 Where che installation of a ee 
24 crossing alters the resistance to erosion of the 
25 | natural river banks, erosion control measures will 
26 be employed. The most common will be rip-rap for 
ai bank revetment. In some cases where the natural bank$ 
28 are highly susceptible to erosion, such measureswill 
oe be used to ensure safe designs. Now frequent inspec- 
30 - tion and maintenance of the control measures will be 
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essential during the years following construction to 
ensure that conditions condusive to rapid establishment 


of the revegetation measures are maintained. Unless 


the erosion is severe, the remedial measures will be | 
i 


applied during winter whenaccess will not cause further 


| 
| 


disturbance. | 

Q What steps will be sy ost 
Dr. Clark, either during the construction or the | 
Operational phase of the pipeline to ensure the proper 
stability of the pipeline? Perhaps before you launch 


into your reply you might tell me what I mean by the 





proper stability of the pipeline? 

A Well, stability would 
relate for instance to slope stability, the resistance 
to bouyancy the keeping of the pipe in the ground | 


would relate to pipe stability. 
Q Right. | 


! 


A So the overall objectives, 


of course, in the design are maximum human safety, the 


| 
| 
Minimum disruption to the en _vironment, and a secure | 
| 
; , | 
and reliable pipeline system. Our planning and design | 

i 

| 


process has and we believe will continue to seek the | 


best available technology for the location, design and) 
construction, and the operation, and will talk about 
these aspects later. From a geotechnical point of view 


there's a widé range of natural phenomena such as slopé 


stability, river hydrology, surface and sub-surface 


drainage, the freezing and thawing of soils, ard so 





forth, all of these are natural phenomena which can | 


t 


fact 
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4 be affected by the construction ardoperation of a chilled 
2] gas line. Now then there is a complimentary range of | 
21 created factors such as the soil pipe inter-action, | 
: the pipe floatation foundation and river crossing | 
2 design which must be considered in the planning and | 
e| design process. The approach that has been taken in 
a the design of the pipeline is to recognize and define 
S| the complete range of potential problems and to gee 
| a detailed qualitative and quantitative understanding | 
20 of the factors governing each problem area. 
+i Now a fundamental part of the 
ad approach to ensure the stability of the pipeline during 
a3 construction and after start-up was simply to avoid 
x4 problem areas. This approach represented a major 
+? component of the planning and design process. Many 
16 problem areas can be simply avoided by judicious 
Ly route selection. Where the proposed route;runs with 
7 the grain of the land, this can be accomplished econ- | 
id omically and marginal areas can be avoided with ease. 
e? Now where problem areas must be crossed, preven- 
ai tative measures are available that are both environ- 
ee mentally and economically acceptable. These measures | 
e? require the modification of natural.conditions or | 
"| a change in design mode. 
ak THE COMMISSIONER: Q What do you mean the 
ze grain of the land, running down the valley? | 
ef A That would be right, | 
ad Sit. With respect to stability of the pipeline, 
- there are two distinct periods of concern in ays ere: 
30 


regions, the time between construction of the pipeline | 
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Hardy ,Williams 
l In Chief 
2 until startup, and that is there is no gas flowing, | 
3 | and the time after the pipe becomes Paris operational. | 
4 A range of situations must be considered during all | 
ef stages of the operation. However, it should be noted | 
6 | that the design configurations that had been devised | 
5 to handle the pre-atartup conditions, will still be | 
3 intact and operated if a major upset causes thawing psoad pe 
9 after the line becomes operational. That is the | 
10 measures that we develop to resist buoyancy will still | 
a be operative, for example. 
12 Now the recognition of the 
Te possible perenne upset and contingency 
14 | repairs has developed -- has resulted in the develop- 
= ment of an operational and maintenance plan. Now | 
* clearly no single emergency plan can be developed | 
17 | because of the wide range of physical conditions | 
18 | encountered and the seasonal variation of these | 
19 conditions. The early identification of problem | 
20 areas is of vital importance anda line patrol system) 
ain will be used to monitor the right-of-way. One of the 
oe?) responses to a question by the pipeline application 
oe Assessment Group,questbdn 55, provides more detail 
24 on the proposed monitoring. | | 
25 Q What steps, Dr. Clark, | 
<OG will be required to ensure the adequacy and stability | 
27 of access roads and all these ancillary facilities, | 
28 snow roads, air strips, compressor stations, communi- 
29 cation towers, wharves, during the construction and 
30 operation of the pipeline? 
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level roadway surfaces. 


In Chief 
: A Each of the facilities 
= will be the subject of a detailed design and construc- | 
*| tion specifications. A brief description of the POR 
; approach for each follows: First access roads and | 
: air strips. Similar approaches to the design of roads | 
a and air strips will be adopted to those currently in 
ie use in Arctic Canada and Alaska. The sufficient thick- 
; ness of non-frost susceptible fill designed to prevent 
: undue thawing of the underlying natural permafrost | 
ae, will be placed on the natural organic surface. The 
a use of a layer of material with high insulation value 
‘ey may also be considered in some areas where marginal 
‘@ permafrost conditions are present. Drainage systems 
as will be employed to accommodate the anticipated surface 
x water run-off in the area. In locations where unex- 
tg pected thaw of the sub-grade soils develop, and settle- 
4 ment of the fill surface occurs, maintenance will be 
a employed to bring the fill surface to its original 
Rg 
| level. 
20 i | 
With respect to snow roads, 
si they will be built to conform with highway geometric 
es design and to increase the resistance of the surface | 
* through the motion of heavy equipment. Tests have been | 
* 
i‘ carried out on snow roads in different locations. High 
if strength properties were obtained for theSnow road 
f surfaces, showing that snow roads are capable of support- 
5 ing high contact pressures, thus demonstrating their | 
; Suitability to the movement of heavy vehicles. On | 
i cross-Slopes, fill construction will be used to obtain | 
| 
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; The compressor stations, the 
2) foundations for the compressor stations located on 

1 Sites where significant thicknesses of permafrost are 

4 present will be designed to maintain the underlying 

>| SoLrPeineits frozen state: 

a The introduction of an air 

La Space between the heated compressor building and 

| the frozen ground will ensure that the surficial layer 

| of soil that melts in the summer season will re-freeze 
| during winter. Whether the foundation involves piles 
at | or fill pads, the stresses imposed by the structures 
| will be limited to provide a reasonable safety factor 
‘a against the occurrence of sheer failure or excessive 

| settlements in the soil. 

a | Q What's sheer failure, 

il Dr Clark? 

a | A Sheer failure is where 
8 there would be an actual slip between the pile and the 
eT soil, where the allowable stress, the maximum stress 
aa, is exceeded. 

oun Q And how do you introduce | 
ia an air space between the Compressor Bilding and the 
Pe ground’: dust putedt up on stilts ?oc 
‘ob A It would be up on eicae 
25 || Me 

e Q Just like my old summer 
ia cottage. 

| A. Something) like that, sir. 
ed There are many buildings, there are examples of these 
& buildings in such places as Norman Wells, Inuvik ad 
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L so on. | 
2 Now in marginal permafrost 
3 areas where the ground temperatures are close to the | 
4 melting point, refrigerated piling, end bearing piles 
3 on rock or unfrozen hard materia} or fill pads may 
6 be considered, if necessary. | 
7 For communication towers, | 
8 they usually involve relatively light loadings imposed 
9 on the soil. The principal design consideration is | 
10 the uplift forces on anchors for guide towers. The 
11 grouted wrought anchors have been used successfully 
12 in Arctic Canada, and design methods and parameters 
13 are currently available for assessing the capacity of | 
14 Such anchors in permafrost. Footings or anchors 
15 used for the support of communication towers will be 
16 found at below the maximum depth of thermo-distribution| 
17 caused by the above-ground construction procedures. | 
18 Wharves will be required along the Mackenzie River 
19 and Arctic coast. These may be either temporary 
20 structures for the construction period, or permanent 
21 installations. The structures will be located to 
22 minimize the interference with the flow of the river. 
ay They will be designed to be overtopped by the flowing | 
ay ice during breakup, if.possible. | 
ee Alternatively, removable 
aS pontoon type structures may be used as either floating 
- or grounded wharves, which will be placed in the river | 
ee following breakup and removed before freezeup. 
ae Q Can you comment, Dr. Clark, 
Mt on the foundation design techniques that are going to 
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be employed with respect to the construction of struc- | 


\ 
| 


tures, facilities such as compressor stations in the 


northern parts of the pipeline. 


A Yes sir, in areas where 





the permafrost is absent, the foundations for pipeline 
facilities will be designed in accordance with the 


conventional practice currently in use in temperate 


regions... The foundation design will account for 
frost penetration that occurs in these areas, in the 
top few feet of soil during winter months. Heavily 
loaded structures will be supported on sill pads or 
pile foundations, depending on local soil conditions; 
whereas lightly loaded structures may also be supported 
by Spread footings. 

Now in permafrost areas where | 


frozen soil and ice may be present, within the soil 





Mass supporting the stru cture, a number of design 
approaches are available where clean, well-graded 


coarse-grained soil with no excess ice are known to 





be present, foundations may be designed to permit 
thawing of the underlying frozen soil. The allowable 
load-bearing capacity of the foundation will then be 
governed by the properties of the unfrozen soil. 

Now where significant ice 
contents are present within the sub-soil, and large 
settlements would occur on thawing of the sub-soil, 
the foundation designs will be based on maintaining 
the permafrost in its frozen condition. In these cases 


the geotechnical properties of frozen ground will 


govern the allowable loading that may be placed on the 
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1 in Chiet | 
foundation systems. 
‘ Q How dowyou do (that, ~Dr. : 
3 Clark? How do you design a foundation to maintain the 
; permafrost in its frozen condition? : 
: A Well, there are several 
| waySuof doingsthis; onewis the introduction of the ee 
4 space, for instance. In other cases there are si tuacrons 
: where refrigerated piles have been used to maintain the 
3 ground in the frozen condition. There are several 
2 techniques of doing this. 
i Q How do you refrigerate 
a2 
the piles? 
13 
A Well, there are very 
14 large refrigeration plants at the compressor sites. 
13 One way would be to tap off some of that refigerant. | 
x8 We have looked at the requirement to maintain an | 
y entire compressor station area, all the piles frozen, | 
18 using the same refrigerant, and it's some very small 
° fraction of what's availble. Rrethee is to use the 
23 nature, there are piles that have been developed, for | 
a instance, for the Aleyeska line which are patented, 
23 I believe, by the people that developed them, that havd 
‘i a technique of circulating a refrigerant when the air | 
24 temperature is very cold, and this cools the soil around 
23) the pile and circulation automatically stops when the 
2 air temperature warms up. The theory is that during | 
2 cold ambient temperatures, the ground is chilled; and 
during warm ambient temperatures there is no major 
4 xf 


transfer of heat by the refrigerant fluid. 
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Q Would you proceed, sir? 
A Yes. Foundation design 
in frozen ground will satisfy some of the criteria 
of those used in temperate regions. That iS itousay, 


to limit the foundation loading, to prevent sheer 





failure in the soil mass, and to limit settlement of 
the foundation to an acceptable level. | 
In addition, foundations will | 
be designed to resist uplift forces resulting from 
frost heaving and re-freezing soil in the active 
layer. As the deformation and strength properties 


of Frozen soil are known to be heavily dependent on | 


temperature, a knowledge of the thermal behaviour of 





the sub-soil over the life of the structure is an 
important additional feature introduced into Arctic 
foundation design. The geothermal models apparently 
availfjle are capable of solving a wide variety of 


thermal problems in soils. 





Q What you're telling us 
here, then, sir, is that your computers can again 
predict -- 

A They are applicable 


to the foundation problem as well as the pipeline 





Situation, yes. The predicta power of these models 
have been checked and found to be in agreement with 
observed field behaviour. Now pile foundations will 
form a considerable portion of the support systems 
adopted for the pipeline facilities. If bedrock or 


Other firm strata are accessible, end-bearing piles 





will be founded on the strata. In cases where no 
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: Stitt stratajyare easily accessible, pile foundations 

A will be designed to transmit structural loadings to 

; the sub-soils through the shaft of the pile. In other 

5 words, instead of transmitting the load to the end | 


to a hard material, it would be distributed -- designed 
to be distributed along the shaft and apread out 
throughout the depth through which it penetrates. 
The stresses along the pile shaft will be limited to 

prevent sheer failure of the pile soil interface, and 


to maintain pile settlement within tolerable Tmacts 





The use of fill pads for heavi 
ly loaded structures will also be considered and such 
foundation systems may incorporate a system of ventil- | 
ation or insulation or refrigeration to maintain the 
permafrost in its frozen condition. There are several 


methods of maintaining the permafrost under fill in 


a frozen condition, as well. 





Q And these are in use, 
these are well known? 

A Yes, and I believe that 
some examples were given by Dr. Legget in his overview 
remarks last -- or a week ago last Saturday. 

Q Next, Dr. Clark; rbhd 
like you to discuss the question of the depth of 
burial and its influence on geotechnical considerations} 
That's depth of burial of a pipeline. | 

Ae offes asin: Now the geo- | 


technical design of the buried chilled gas pipeline is 


facilitated by increasing the depth of burial to 
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withinthe limitsallowed by the wheeled ditchers that 
have been designed for use on this project. Now 


depths of burial to the top of the pipe of uw to six 


feet below original grade can be readily achieved, and| 


the resultant depth of cover above the buried pipe 
at this depth of six feet is in the order of 7 to 9 
feet when the native backfill derived from the ditch 
excavation is put back over the pipe. 

Now depth of cover of five 
to six feet achieved at a depth of burial of four 
feet, and I should perhaps clarify that the depth of 
burial is the depth of the top of the pipe below the 
original ground surface, the depth of cover includes 
the spoil mound which is mounded up over the pipe. 

So the depth of cover of five to six feet achieved 

at the depth of burial of four feet is adequate in 
all permafrost zones and terrain types in restraining 
potential pipe floatation prior to startup of the 
chilled line when the line is restrained by the frozen 
ground. 

Q That -- of course there 
will be some period when before you start running 
chill gas in that pipeline when you'll have problems 
which are not present when the pipeline is chilled. 

A That. Geriqnt, sir, there 
are these two periods of concern, one from the end 
of construction to the time.of startup, and the 
other is after startup when the gas starts to flow. 


In the more northern regions 
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: AS eMC) eb R-ba | 
2 of the right-of-way, that is continuous permafrost | 
3 zone in the extreme northern portions bf the discon- 
4 tinuous zone, a burial depth of four feet ensures that 
3 the pipe remains frozen to the bottom of the ditch, | 
3 thereby effectively preventing floatation. Now in | 
7 | the region south of this zone, although the possib- 
8 ility exists that thaw may skew eeIee the buried | 

pipe, studies have shown that a native backfill at | 





a four-foot burial depth is adequate restraint against 
floatation in all but the most ice-rich terrain. 
However, terrain analysis shows that very ice-rich 
soil should not generally occur in the more southerly 
areas. If they are encountered, the depth may be 
increased or a range of “other design techniques to 


prevent floatation are available, and I previously 








mentioned several of these. 

Q That's the concrete and 
the weighting and the anchoring, and so on. 

A Now, the increased 


depth of burial also increases the stability of field 


plus the difference between the temperature at which 





bends for both sag, side and overbend configurations. 
Increased depth that covers is also desirable in the 
prevention of pipe instability due to temperature 
expansion, internal gas pressure along straight, burie 
sections. 

Q Would you explain those, | 
sir, what is instability due to temperature expansion? 

A Well, the stresses that 
are induced in the pipe are due to the internal pressufe, 
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the pipe is laid into the ditch and at which it's 
operated. This induces a stress in the pipe. For 
example, it may want to expand, and this expansion is | 


resisted by the -- to some extent by the bond of the 





surrounding soil to the pipe, and it bends by the 
strength of the ditch wall, acting to resist this 


lateral force. All of these increase with increased 





depth of burial. 


Also the increased depth of 


cover in the depth of burial increases the total 
vertical load which is acting on the bottom of the 
pipe, and this is of considerable importance to us 


in suppressing potential frost heave in unfrozen 





soil, as will be demonstrated later. | 

In some instances, increased | 
depth of burial is of value in reducing the potential | 
effects of differential settlement. Although there 
is little likelihood of excessive differential settle- 
ment due to the thermal regression of permafrost 
during the operation of the chill line -- 


Q Whoa. Can we just stop 


for a moment and let us know what thermal regression 


A This is the thawing 
out of permafrost under the line. This, of course, 
wouldn't happen when the line is carrying chilled 
gas, but prior to startup it may happen beneath the 


of permafrost is? 
line. 





















i > ort rn bd 
. 
- 





2's ec aatainse ond tan nt a 
SOE | -oqig oft mi aseute 6 soouhat a fa be ht qo 
2i tofensexe edt bis vhaagne oF Jaa, —— 
| eit to Baed eft yd tastes amos oF ~~ sis 
| ant yd ebged 31 bas ,egqig ant oF ieee : 
. eidd teteor of prizos ,I few dostb edz Yo Agpaesse 
Sozbszoat dtiw s@samons ouge to ria. 20702 taxedet 

ac TERE 

20 dzqeb boanetonr£ edd oslA a 5 > | 
(eto. odd agé@seront feixvd 2o dagsb, ong. ak 1k, 9700, Ip os is 

ed? to messod sft ao patios ef doldw: ‘Bpol Inoksxev |” Pay 

2 OY sonsitoqes eldatebieaoo to el sind Ding neat mi 
gesontan as eveed. jaoxt Inidaetog enteseadaye gts 








————— ce ee a 


<tatsi bedsitdangeteh od pi a ak oe 





i) bersetont ,2sonadent emoe, al Tee eaves 

| J ia J cP : i 
| i Leitredeq edt patocber at esufay Go ef Isiazud to d3qeb 
| sredd dywonttsA .tnonelstea Istinexeltibh 3o- atoetis =) 
-afttea [aktiretetRib evieesoxe To ae ees ae 
| teoxiamzeq ie Aolezexpex Isorrodt eft © : Jnee . 
bal ~~ ont, Li ide e@ to, nolsezeqe.s 13 sb 
fb Jsav> sw ned -sodW 9 


in re A an 3 
ol assapen fsmredt tectw wood pit tel b ear 102 SY, | Oo 






| 
| eniwsita eft ab eadt A 
Saxon to ehet ie ae ae ; 2 er 

bell ido gatyxaee si entl od 4 Be 
aitt cieaeaicl nenged yam gt ash aad | 


i oo ee 


5 oe ‘ 
eo: : 
, , 


2274 


Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 

















Hardy, Williams. -- In Chief 
: THE COMMISSIONER: Thermal 
. regression is melting? 
4 A Yes. The retreat of 
. the permafrost table away from the line. 
5 
a MR. GENEST;: It takes a 
es lawyer to be that simple. I am sorry, Dr. Clark, 
: I withdraw that. 
f THE COMMISSIONER: Well, 
to be fair I think it means tht the actual, the 
ae substance contracts or is -- recedes from the 
oe pipe itself, that was the point I take it? 
- A That is*right. There 
= is a regression under these series. 
= Now as the ice content 
— in permafrost soils along the right-of-way usually 
ac? decreases rapidly with depth, the increased burial 
ae depth will significantly reduce the potential for 
oe differential settlement due to melting out of ice. 
fe In other words, the deeper we go, the less ice is 
a encountered. 
oe Now, there is a possible 
- exception where differential settlément could be 
‘ of concern, that is the peat plateau areas in the 
ee vicinity of the Northwest Territories/Alberta 
43 border. These plateau contain peat and fine grained 
27 high 
soil which may have/ice content’. A preliminary 
oy assessment has been made of this area and the 
sie current plan is to bury the pipe at a common 
30 


depth dictated by the presently thawed areas between 
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v 
1}. the plateaus, that is to say, it will be at greater 

















ae depths through the plateau area. Now, these areas | 
3 are currently the subject of further investigation. | 
4 Differential settlement can also occur due to loss | 
> of ground support resulting from erosion. WE11, 
6 | erosion prevention forms an important aspect of the 
7 geotechnical design of the right-of-way, increased | 
8 depth also aids in this regard. 
9 Now, in coarse grained 
10 gravelly or boulder rich terrain it is likely that 
tl the wheeled ditchers developed will not be used. 
ae MR. GENEST: 
13 Q Did we see that wheeled 
14 ditcher on Mr. Williams' slides? 
15 A You saw a certain | 
16 moda of that. There has been developments. Larger | 
1? ditchers have been developed since that time. 
18 Q It is the same idea. 
19 A It is the same idea, 
a yes, Sir. 
21 Q And you propose not 
ah tocusecw <= 
23 A This would not be used 
a in certain terrain units, for instance, in very 
“aal boulder rich terrain or bedrock for that matter or 
28 in certain Sees grained gravelly materials, 
ah although recent experience with the existing larger 
28 ditchers have indicated that it digs gravel very, 
29 





very well, but in these areas the importance in 





pre step to burial is not as great and can be relaxed 
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The resulting back fill such that the pipe stability 
is insured at lesser burial depths with.2.5 feet 

is considered as the allowable minimum.depth of 
burial in that type of terrain. Conversely it .Can 
be noted that in the ice-rich or fine grained soils 
in which the »pipe stability requires slightly greater | 
depths of burial, the required burial depth can « be | 
achieved with ease using the wheeledi ditchers being 
developed for this project and as you saw an early 
version of the ditcher that dug fairly well at 
the Sans Sault Test Site. 


Q If you do not use the 


wheeled ditcher, what do you use? 


A It is largely a case 





of blasting and back-hoe to get to the depth required 


in those circumstances. | 


Q Not a shovel? 

A No; 4Siné | 

Now, in active river and 
floodplain areas the prpe will be peed sufficiently | 
deep to ensure against exposure as a result of scour 
and degradation. On all major river crossings the 


required burial depth will be based on a site specifig 





assessment of the potential for scour and on degrada- 
tion. On very minor river crossings where no 
significant scour or degradation is anticipated, the 


pipe will be buried so the cover will be at least 





4 feet. 
Floatation of the pipe 


will be preventedin active river and floodplain areas 
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1 by the use of cortinuous concrete coating or | 
7 Suitable anchoring techniques. 
3 | Q Could we move then, | 
4 Dina Clarks «torthe-interntoreroute, that.das: the one : 
5 going past the Old Crow Flats and across the Richardson 
6 || MOuntains. I would like you, sir, to describe the | 
7 geotechnical work that has been done with respect | 
8 to that route. | 
2 A Well, the geotechnical | 
10 investigations along the Interior Route were essentially 
ak of the same level of detail as along the Coastal Route 
ne They were oriented toward classifying and mapping 
13 terrain and identifying potential engineering 
14 problems which might result at specific localities. | 
15 The airphotos, the geologic | 
16 publications and drilling logs were the basis | 
17 for terrain classification and mapping done by J.D. | 
18 Mollard and Associates. The results of the 
19 terrain analysis which are at a scale of one 
20 inch to 2,000 feet appear on the photomosaic align- | 
21 ment sheets and in the terrian typing legend. 
22 These were discussed during the first panel. 
23 Now, specific details on landform, bedrock and 
24 gil materials, stratigraphy, depositional history, 
25 | permafrost, topography, drainage and vegetation 
| 
26 | were determined for major terrain units mapped 
27 on the alignment sheets. Information on areas where 
28 specific geotechnical problems like buoyancy, 
29 erosion control, slope stanility, and unstable water | 
a courses where these will be encountered were also 
| 
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: shown on the alignment sheets. | 
a Now, field studies along the 
“ Interior Route have provided information on 
: terain classification and for the preconstruction | 
: geotechnical studies. These field studies included 
- drilling programs by Alaskan Geological 
y consultants and Northern Engineering for the Alaska | 
=) Arctic Gas in Alaska and studies by Ripley, Klohn and 
‘ Leonoff for the hot oil pipeline feasibility studies 
7 by MVPRL, the Mackenzie Valley Pipeline Research 
Limited. All thse test data were made available 
oe to.fusisfor ‘our’ use’: 
we Now, another field study by 
2 T. Blench and Associates and Northern Engineering provided 
a data on river crossings. | 
ae The seismic design criteria | 
‘i ' through this area has been developed by expert | 
a consultants on the basis of data compiled by Arctic 
- Gas 
a Q Is there anywhere else 
“i we discussed the -- I know Mr. Gibbs in his cross- 
“9 examination of the first panel made some point of the 
= seismic elle in this area. Dr. Morgenstern, I see 
a by your publications that you have had something to 
= do with earthquakes or the study thereof. Could 
ae you comment briefly on the degree of risk? 
a WITNESS MORGENSTERN: 
a A There is -- no doubt 
- there is a higher seismic risk associated with the 
30 


INterior Route than with the Prime Route, but 
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the risk is certainly no greater than had been faced 
by the Alaskan pes nee tee design procedures have 
been developed to accomodate the degree of anticipated 
seismic loading on both the pipe and ancilliary 
facilities. 

THE COMMISSIONER: By the 
Alaskan Pipeline do you mean the Alaska Gas -- 

A I am sorry, the Alaskan 
Oil Pipeline which has faced more severe earthquake 
problems than we encounter here. 

Q Well, that is an oil 
pipeline above the surface of the ground. 

A Wellllounot alik offit. 
About half is buried and half is on piles. 

Q I see. From the point | 


of view of seismic risk does that make any 


difference? 





A Yes, they -- much of the 
right-of-way along the oil pipeline will be thawed 
more than along the gas pipeline because of the 
construction practice that they have chosen to 
adopt. Many of these thawed sediments are prone 
to a phenomenon called liquifaction that occurs 
during an earthquake. The material turns into a 
slurry due to the cyclic loading of the earthquake. 
This problem is going to be less severe along the 
right-of-way of the gas pipeline and of course will 
not effect the integrity of the gas pipeline 
itself because it will be encased by frozen soil, 


so that generally a buried chilled pipeline can respond 
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1 to earthquakes better than a buried hot oil pipeline. | 
2 MR. GENEST: | 
3 Q And while we are on | 
4 the subject of earthquakes, what are the risks 
5 associated from an earthquake or seismic point of view 
6 | with the prime route we have selected. Is it in an 
7 area of high or low risk? 
8 A Part vofeiLt ise in Jangarea 
9 of moderate risk. The zoning that has been adopted 
10 in design has been presented. The actual boundaries 
11 of the zones escape me, but where we come down along 
12 the flanks of the Richardson Mountains just on their 
13 east side, there is a defined earthquake risk and 


earthquake loading that has been embraced by the 


design. 


Q And. what about for the 





rest of the route down the Mackenzie Valley? 





A It is very low. 

THE COMMISSIONER: Wnen. you 
say these problems have been overcome in the 
construction of the Aleyska Oil Pipeline you mean that 
they have worked out and eleborated design solutions 
that they believe and you believe too will eliminate 
the saat of failure in the oil pipeline in Alaska owing 
to seismic activity? 

A Yes, the procedure is to 
anticipate the loading that the earthquake will being 
on the gound and on the pipeline and very conservative, 


that is high levels of loading have been adopted 





there and design has been developed to accomodate these 
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levels of loading. 


MR. GENEST: 

Q Are there gas pipelines 
or oil pipelines in the more southerly parts of 
North America that cross more risky seismic terrain? 


A There are pipelines in 





California of course which is quite seismic. 

Q How would you grade the 
seismic risk in Californie as compared to that which 
exists across the Richardson Mountains? 

A Well? part Of “1t' is 
comparable, part of it is greater. California 
itself is variable in its seismic risk. 

Q And are there instances 
of serious interruptions due to seismic activity, | 


earthquakes? 


A Generally speaking a | 





pipeline is a very flexible entity and they can deform 
quite well even across active fault movements. But 

I am sure if I were to do a little research I could 
find instances of pipelines that have failed during 
very severe earthquakes. 


Q What are the repair 


problems? 


A I cannot speak to that. 
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Q Perhaps shall I just 
let that hang there? It teaches me a lesson for 
departing from the script. Nobody is going to bail 
me out. 

A Next panel, sir. 

Q Next panel. 

(LAUGHTER) 

WITNESS HARDY: There were 
pipelines in Alaska at the time of the Good Friday 
Earthquake, of ten years ago or 12 years ago, and 
my understanding is, I think Dr. Morgenstern can 
substantiate this, or correct me, is that their 
performance was relatively good, and there are many 
authorities that consider that the only hazard to a 
fracture of a pipeline in an earthquake of even quite 
high intensity is only where it crosses a fault, and 
so it's not -- the risk of fracturing a pipeline is 
relatively small considering the pipeline as a 
type of structure. Now the repair, of course the 
pipeline does get broken and the problem is then to 
repair it, and that of course would be relatively 
simple if the earthquake didn't destroy other facili- 
ties, but other facilities will probably suffer far 
greater damage than will the pipeline. One of the 
things that keeps coming up in engineering is that 
when we get greatly concerned about the hazard from 
seizmic activity to a certain type of structure. You 
see, the damage to that structure may be very minor 
compared to other damage that is created in the 


community at the same time. 
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i! 
; So I think*in*+direct*answer | 
; to your question, what's involved in the repair, they 
j just have to get in and take out some pipe and put 

: in some neces But then with the conditions associated 
6 with that seismic activity, that damaged the pipeidne: | 
7 that may be a difficult operation and there may be | 


other things that are -- would have even greater | 
urgency oOf* attention than the pipeline itself. 
THE COMMISSIONER: Water 
supply and so on. 
A That's’ rignt. 


WITNESS CLARK: I should 





add 
perhaps, Mr. Genest, that the information provided to 


us for design indicates that we cross no recently | 
active fault on either pipeline route. We recognize 
that if the interior route is built, we will have 

to do further field work to verify that there are in | 
fact no faults. If we do encounter a fault, we yeitlerel 
we have developed a design which, if that fault were 
to move, that the pipeline would come out of the 
ground without failing, that it would not be bound 


in place, and as Dr. Hardy pointed out, it's at these 





faults where the only area of concern is for the 
pipeline itself, the line in the ground. 

Q Thanks, Dr. Clark and 
Dr. Hardy. Would you carry on? We were discussing, 
I believe, the geotechnical work that's been done 
with respect to the interior route, and I took you 


down a long path about earthquakes. 
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A Yes, sir. To continue 
on, the preliminary design for terrain stabilization 
has been developed from office. and field studies 


for. both the. coastal and interior routes. These 


' design measures are related to drainage and erosion 


control, slope stability, pipe. buoyancy, especiall 
in the thermal intensive terrain units. 

Excuse me, the construction 
techniques for access roads, gravel pads and founda- 
tions of structures have also been devised with 
consideration to geotechnical problems that might 
result at specific locations. 

Q As a result of the geo- 
technical work that's been done with respect to the 


prime route, that is the coastal plain route and the 


Clark,Hollingshead,McRoberts, | 
Slusarchuk ,Morgenstern,Cooper, 
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interior route, which in your opinion is the preferable 


route from the geotechnical standpoint? 
A In my view the pipeline 
route across the coastal plain is preferable to the 


interior alternative. The coastal route would be much 


easier to construct and rehabilitate than the interior 


route. It presents no major problems. The interior 


route is feasible, but more geotechnical problems woul 


be encountered. The route, for example, would cross 
taius slopes which would be very difficult to cut 

and maintain stability. Such slopes would require 

a stabilizing berm at the bottom, to cover and support 
the p#pe. The berm would necessitate the use of 


greater quantities of gravel fill along the route, 


| 
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necessitating blasting and probably greater terrain 
disturbance than would be expected on the coastal 
route. Now the seismic risk through the Richardson | 


Mountain is the greatest for the routes @nsidered, 





but design techniques are available to deal with the 


potential problem areas. The interior route also 


F sinedat 


crosses numerous alluvial fans . Some of the fan 





crossings will. require special erosion control 
measures to prevent channel degradation during a 
prolonged sequence of flow or moderate floods. 


Q What type of special 





erosion control measures do you have in mind? 

A Well, they would be | 

along the WG: of those that we have discussed and : 

will be illustrating. For instance, measures to | 
prevent the flow over a fan becoming concentrated 
down a pipeline and washing out the backfill, to 


prevent shifting of channels and so on that might 


undermine in certain areas. These fans are a more 


dynamic land form in that particular part of the 
interior route. 

THE COMMISSIONER: Just going 
back for a moment, you said that arate Richardson 
Mountains the route would cross talus slopes. I take 
it that's fallen rock. 

A Yes sir. These are the 


sbpes that one can see on any mountain area at the 


bottom, it's rock that due to weathering and so on, 





it drops away and builds up at the bottom on fairly 
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fully. These are quite steep,these slopes. 


-have been built in Canada to cut across talus slopes. 
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steep slopes, generally in the range of in Arctic 
areas, 35 to 37 degrees. We have measured tem up to 41 |. 

degrees. 
Q So it is unstable? 


A Unstable under its own 


weight, but if one were to cut into it, the material 
above could become unstable. There havebeen talus 


slopes crossed, though, with pipelines, and success- 


Q You said that you would 


have to construct a berm at the bottom, that is to 





restrain the rock from falling and to restrain the 
Slope from receding? 

A Yes, we would visualize 
the -- from the geotechnical point of view we would 
visualize the design of the pipe would be laid very 
close to the bottom of this slope, and similar | 
Material as the talus or gravel would be used to | 
build up and over the pipe a bench, if you like, at | 
the bottom, which would contain the pipe through that | 


area. 


Q You say that pipelines 


Westcoast _ for instance? 
A I believe so. I've 
discussed this with Dr. Hardy some time ago, and | 


I ¥Yecall some discussions on'that. 





WITNESS: HARDY: I think’, Mr. 


Genest, to put this in its proper context, -- 
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MR. GENEST: The Commissioner 
asked the question. 

WITNESS HARDY: Yes sir. To 
put it in its proper context,we sort of set up a 
straw man here. It probably came about because of the 
conversation between Dr. Clark and myself, and con- 
struction of pipelines on both Trans-Mountain and 


Westcoast and also the Pacific Nathern line from 


Prince George to Prince Rupert, they have had major 


problems in construction, in builHling on talus slopes, 


and so any pipeline construction man would ask us, 





would heckle us, "What are you guys going to do about 
building through the southern route in particular, | 
across the Richardson Mountains when you come to | 
talus slopes?" 

One of the problems, though, 
is the fact that it's simply a matter of -- it's 
got nothing whatever to do with permafrost, it's 
a matter of excavating the stuff. A lot of the rocks 
may be as big as these tables we have lying around 
here, and to come in and excavate a trench,to put 


the pipeline down,becomes a very difficult and costly 


operation, almost it's invariably cheaper to go OL 





the talus slope. But as Dr. Clark has said here, 

the talus slope in itself is not necessarily unstable | 
until you cut into it, and then everything starts to | 
move down, and all that he is saying here is that : 
he believes he has a viabte solution to locations where 
he may want to cross a talus slope, and I agree with | 


this. It can be done. He has a mode of doing it. 
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as possible. 


ei Q And your technique for 


In Chief 
1 Pientie NewiasmctO.do wt, ine Lido at. If there is 
2 some better way, if he can get off the talus slope, | 
3 he'll probably do that, too. But I think it is : 
4 important at this stage in looking at the feasibility ! 
) and the design of this pipeline that we can be sure | 
6 || that we have a design plan that will accommodate the | 
7 variety of,all of the variety of conditions that we | 
8 anticipate will be encountered. I think perhaps a good | 
9 deal of the discussion that Dr. Clark has given here 
10 this evening muld be examined in that context, that 
ll he has got modes of construction that will handle all | 
12 of the eventualities that we can foresee. | 
13 eee COMMIT RSG ONE Rie you forced 
14 to take the interior route, you might have to cut acrogs 
15 some talus slopes and then again you might not have | 
16 to? 
17 A Tat! sexcight, sir, yes- | 
18 WITNESS HARDY: There are | 
19 going to be some talus slopes that he'll have to cross 
20 I'm sure of that, sir. 
af THE COMMISSIONER: Well, I 
22 think that settles that. You don't want to argue 
= the point, Dr. Clark? . | 
24 WITNESS CLARK: No sir. | 
25 MR. GENEST: You have the | 
26 last word, Dr. Clark. | 
27 A The question is, "Where | 
28 do we cross it?" We cross*them as close to the bottom 
ay 
| 
| 
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dealing with them you do have to cross them, you any 
is to put a stabilizing berm? 

A I would say if you like 
to simplify this, is building up the slope a little 
Datevachere chan. diggang into 1t, building it up so 
that we get the necessary protection, the cover 
required. I think that would be the simplest con- 
struction approach. 

Q Then, Dr. Clark, 
would like to ask you whether, in your opinion, the 


geotechnical work to date has been of sufficient 





quality and quantity to enable you to express an 
opinion as to the feasibility of constructing this | 
line, having regard to the soil conditions, the 
permafrost conditions and the other relevant 
geotechnical considerations. 

A Yes sir, the geotechnical 
work completed within our group convinced us that the 
construction of the line applied for is feasible and 
that with appropriate design and reasonable poe reeen 
care and proper revegetation techniques, a, Chatied 
natural gas pipeline can be safely operated in norther 
regions. | 

Q I'd -like to ask the | 
consultants, Dr. Hardy and Dr. Morgenstern, whether 
they agree with that opinion. | 


WITNESS HARDY: Yes sir, I 
agree completely with it. 
WITNESS MORGENSTERN: Yes, I 
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A MR. GENEST: I would like to | 
e move on to the proposed new routing east of Fort | 
3 Simpson and ask you, Dr. Clark, to discuss the extent | 
4 of the geotechnical assessment that has been carried | 
5 out for that proposed new routing. | 
6 | WITNESS CLARK: The new | 
7 routing east of Fort Simpson has been terrain typed, | 
8 and we have referred to previous test borings drilled | 
9 by the Mackenzie Valley Pipeline Research Limited. 
10 A few of these fall actually within our alignment | 
11 sheet window. We have not done drilling along the line, 
12 or at specific sites at this route, on this route but 
13 | I might add that there are certain sites that I believe 
14 this week drilling will be initiated. 
15 
16 | 
ey | 
:. | 
19 | 
: | 
21 
vy. 
23 
24 | 
25 
ae 
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28 : | 
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l It's proposed to do test 
3 drilling as necessary for verification of the terrain | 
3 typing. And at specific areas such as eae Mackenzie | 
4 crossing and the Ebbutt Hills slopes. We have obtained 
5 soundings at the proposed crossing of the Mackenzie fox 
6 | a five mile stretch in the vicinity of the crossing. ! 
2 We have developed a preliminary design for this major : 
3 crossing. 
9 Q Now, the Ebbutt Hills, | 
10 with which I was not too familiar ten days ago, were 
21 brought home to us by Mr. Gibbs in his cross-examination 
12 of the previous panel. Have you any comments to make 
13 on the geotechnical problems that you might expect to | 
14 encounter in those hills? : | 
is A On the basis of our oon 
16 ination of air photos and the alignments sheets, and | 
hy, a reconnaisence by some of our geotechnical people, we 
18 have found no evidence of instability at that Sabyaidome ? 
19 location. However, it would be classified as, all slopes 
20 are classified in our assessment, anything over three 
27 degrees, we say that this requires a further look. 
22 Certainly this is well over three degrees and will hav 
23 a substantially more detailed look than a lot of the 
24 flatter slopes. We will be doing ere work at the 
25 Ebbutt Hills, and would not anticipate major surprisds 
26 | but feel that we could deal with them if we did encounter 
27 something unusual there. 
28 or Sir, Mr. Commissioner, I 
29 had in the pre-filed testimony, some questions as to 
30 assessment on the Gross Delta Route, I can put them or 
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L not. My intention formed later than the preparation 
2 of this material, was to leave Cross Delta, to be dealt 
3 with of a piece. 
4 THE COMMISSIONER: | 
5 Well, why don't you put | 
6 | that question and let Dr. Clark answer it. | 
e, MR. GENEST: | 
8 Q Could you describe sir, | 
9 what geotechnical assessment has been carried out for | 
10 the proposed Cross Delta Alternate Route? 
Li WITNESS CLARK: 
ee A Yes, sir, the significant 
13 water crossings on the Cross Delta Alternative have | 
14 been sounded in both winter and summer. A test drilling 
15 program was carried out prior to breakup in 1974 to 
16 determine the nature of the bottom material . At the | 
Li? same time a number of test holes were drilled on the | 
18 banks and at selected points on the ground. A ee sel 
L9 drilling program was carried out in the fall of 1974 a é 
20 number of borings were put down along the route and on 
21 the banks at the crossings now proposed. Preliminary 
oe designs have been established for the Shallow Bay Crossing, 
23 North Arm Reindeer Channel, Langley Island Channel, 
24 which is sometimes referred to as Middle Channel, and 
25 the East Channel Crossing. | 
26 | Q Mr. Commissioner, I am : 
at now going to move this panel to the detailed discussion 


28 of the Pipeline Application Assessment Group. I hesitate, 


LORS, 


29 I know that we have still got about 8 minutes to go, 
30 but some of these answers are lengthy, require exposi 
| 
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Hardy, Williams 
in (Chief | 
some of them have even got mathametical formulae in ee 

| 
which we thought, while highly technical, we thought it 
important to get on the record, so that the Ponmiiee oat 
Counsels and other parties, and scientific advisors, | 
can have the benefit of information. And I wonder if 
we might break early tonight ,so that I can go at thig 


all of a piece tomorrow morning? 


MR aS CORr: I'm prepared to | 





occupy the eight minutes, not to bail out Mr. Genest, 
but because there is a matter that frankly concerns me 
that I think I should raise for his attention, rather 
than for any ruling, while he is in the midst of his 
examination in chief. 

The preliminary rulings that | 


were made by you in September, provide on page number | 





five, as follows: 

" I expect Arctic Gas to call as witnesses the 
people who prepared the Fee ead that means the | 
application I gather, " and who carried out the field 
work on which it is based. I expect Arctic Gas' 
witnesses to be examined in chief in the usual way, to 
delineate, explain, and discuss the material filed 


before cross examination." 


Now, Mr. Commissioner, if and 





when this pipeline is built, I think we will all recognize 
after the fact, that this panel is perhaps the single 
most important panel that will appear before you, for 
the reason that any adverse environmental impact, or 
indeed many adverse socio-economic impacts that may 


occur, are going to be met as we heard last week, and 
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in; Chief 
h as we've heard tody by particular design features. | 
2 Now, the test of your ruling it seems to me, would you | 
3 be able to conclude, following examination and before 
4 cross examination in chief;that the design was adequate 
5 to the challenges that confronted. 


It seems to me frankly and 
respectfully, and not withstanding the synopsis that 


while there is some particular analysis given to some 





problems in that synopsis, and while with respect to 





the assessment groups report, there is some particular 
detail given. The bulk of the synopsis.it seems to me 
has amounted to an assertation, repeated, that there i 
confidence in the Applicant that they can solve design 
problems,with occassionally a general statement about 
the way those design problems may be solved when | 


adequate data or when the data they have is collated. 





It seems to me respectfully, 


that. in discharge of their obligation under the 
rulings, what the Commission is entitled toris design 
detail, and the Cal aay ele fa ater they are based, 
so that the adequacy of these questions can be tested. 
Now, it may be that that will be coming tomorrow. 
Certainly from the synopsis of the response to the 
Assessment Groups Report, it is apparent that there there 
is some particular detail, and I hope that if this 
concern attracts Mr. Genest, we will not tomorrow be 
deprived of that kind of analysis with respect to many | 
of the subjects that have been referred to in the 


synopsis. I think in essence what I am saying, is tha 


while there haa been a full statement of the confidenc 
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In Chief 
1 of the organization that they can meet these problems, 
2 there has not been much particular account, and I 
3 emphasize particular, of how, even at this early stage 
4 they are going to be met. And in my respectful submission 
5 _ we should have that information in chief, before we are 
6) put upon cross examination. 
7 | Perhaps Mr. Commissioner, now | 
Sit. that I have occupied the eight minutes I can simply | 
9 leave it there and see what transpires tomorrow, but | 
10 I did want to emphasize that that matter concerned us. 
ale? MR. GENEST: 
l2 Well, Sir, if I may makea 
3 preliminary response,subject to further comment 
14 when I have read Mr. Scott's statement. I would appre- 
Aes: ciate some guidance from the Commissioner at the | 
16 _ #tendsof ithis: panel's evidence'‘in chief .)Tomorrow 7 | 
17 the evidence that will be led will deal, in what | 
18 I submit is a detailed way, with the major concerns 
19 raised by the pipeline assessment group,who to 
20 my knowledge at least were the major outside group 
21 reviewing the technical aspects of the engineering of ae 
22 pipeline. 
23 We have listed in our -- 
24 in an appendix to the evidence a very large volume of 
25 studies and reports upon which the panel relies and in 
26 the preparation of which many members of this panel 
27 have been engaged. As far as calling persons who have 
28 actually done the work, I have never interpreted your 
29 rulings and I may have been wrong, but I have never 


30 interpreted them as casting upon Arctic Gas an obligatian 
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to call the man who turned the drill who produced the 
bore hole from which a record was entered, because this 
exercise by itself would take three years. 

These are the main people 
who with the main scientific expertise who have been 
involved in the geotechnical aspects of the engineering 
of this pipeline. We have listed and we have made 
available for inspection to all the parties and 
Pe iend on hen exe Coinniees technical detailed 
reports uponwhich their professional opinions ve 
based. 

Now, if it is the desire 
of the Commission that each one, of thse reports should 
be tabled, should be gone over, should be explained, 
that to me,in many cases absolutely incomprehensible to | 
a laymen and the technical data contained in them | 


should be read, I,of course,am in your hands, but it 





seems to me that the purpose of these hearings is to 
try and explain not only to you, sir, but to the 

people of the North, what is involved in the 
engineering aspects and to try and make it comprehensi- 


ble to them. 
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It seems to me that if we are 
GOLngwtOseGO.1 nto. OLrsife lam goingyto «take Mr. SCottus 
remarks literally, this panel alone could occupy 
three months of hearing time. Now, perhaps I could 
ask you to look at these remarks in the light of the 
information that we have gained at the end of the 
evidence in chief of this panel. If you are not 
content, if you find some merits in what Mr. 
Scott has urged upon you, then, Sir, I would 
ask for guidance and I expect to be told where we 
are deficient. 

MR. SCOTT: Mr. Commissioner, 
before we break I may say -having known my collegue and 
friend well, I am usa@lto having what I assume to be 
a temperate submission reduced to absurdity by him. 
But I simply say that it seems to me appropriate that 
this matter should ee left to be dealt with at the 
conclusion of the examination in chief or later. I 
did feel obliged, however, to bring it -- to bring 
our concern, for what itis worth, to: hispattention 
at this time when he was in the middle of his examinati 
so that if advised he could deal with it. 

THE COMMISSIONER: WE will see 
how we get along tomorrow. We will adjourn until 9 o'- 
clock (tamorrow morning. 


(PROCEEDINGS ADJOURNED UNTIL MARCH 18, 1975) 
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